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Note the adaptability of this 


Alloy Steel For Chassis Parts 


The alloy steels of the UMA 
series also include several 
ne coment covering ~~ 
ly every degree of siren. 

and hardness. We also pro- 


duce nickel, chrome-nickel, 
5 analyses Ss, Spe- 
fal high finish jatenelile 
ee and hot rolled strip 
shee . 





Steels yielding a wide range of tensile strength are 
required for the numerous constructional parts of the 
automobile chassis. 


One of the outstanding achievements of our alloy 
steel mills has been the production of UMA-2, (one of 
the UMA series), a steel which by a single temperature 
change in heat treatment can be made to yield any 
strength from 95,000 pounds to 200,000 pounds per 
square inch. 


To the production manager charged with the eco- 
nomical production of chassis parts of unvarying quality, 
UMA-2 means fewer steels to be carried in stock and 
much greater ease and uniformity in machining and 
heat treating operations. 


Write to us for information regarding the adapta- 

bility of UMA-2 steel for such pee as Axle Shafts, 

Front Axles, Piston Rods, Crank Shafts, Connecting 

Drive Sh Steering Arms, Knuckles, Studs, 

We will gladly mail on request photo- 

eo chart showing ph properties and analysis 
f this water-quenching steel, 


The Central Steel Company 
MASSILLON, OHIO 
Cleveland, Detroit, Syracuse, Philadelphia, Chicago 
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SECTIONAL MEETINGS A SUCCESS 


UDGING from the excellent atten 

shown at the New York and the 
(directors is to be complimented for 
established these between convention 
of the country were in attendance at ea 
expressions commending the meetings were heard. The large amount of dis 
cussion which followed all of the papers which were presented indicates very 
clearly that a keen interest prevails and 


that the sectional meetings have 
become a permanent part of the 


Society's program of activity. 
chapters should be looking forward to the time 
for one of the sectional meetings. 
ihe Society means 





lance and keen interest which has been 
Pittsburgh Sectional meetings the board of 
their wisdom and foresight for having 
meetings. Members from many parts 










ch of these two-day sections and many 











Ikach of our 
when they will be the hosts 
It is surprising how much the work of 
to everyone especially to those who 
planning a meeting, trips of inspection and 
throws the members of a local 









are preparing and 
entertainment for visitors. I 
chapter into a more intimate relationship and 
cannot possibly result in anything but unbounded success for the individual 
members, the local chapters and the national Society. May we all look 


forward to the next sectional meeting which will occur around the first of the 
next year. 
















RESEARCH 
ca IMMENDABLE work is being done by*the National Research Committee 


of the American Society for Stee! Treating under the able chairmanship of 
Lt. Col. A. E. White, who has succeeded in having appointed by all of the 
chapters a local sub-committee on research to serve in an advisory capac 
itv. Among the many opportunities for service to this group of exceptional 
men is the preparation of a list of subjects and which offer possibilities of 
research upon which it is desirable to work, The preparation of this list of 
subjects will be valuable In many ways, one of the most important of which 
will be that of affording suggestions to educational institutions and students 
on topics for investigation in metallurgy. 

The metallurgical department of ( 
the efficient direction of Professor 
number of very 














ase School of Applied Science under 
H. M. Boylston has already produced a 
interesting investigations. These have been conducted not 
only at the school laboratory but also in the laboratories of various industries 
of Cleveland that have been placed at the disposal of the institution. 

cellent exhibition of co-operation deserving of 











An ex- 






greater emulation. 
Many other educational institutions have 
Operate with Colonel White and his committee and it is believed and ex- 
pected that this phase of the Research Committees’ work will continue to 
stow in volume and in importance. 






expressed a desire to co- 
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TECHNICAL SOCIETIES TO WORK WITH THE BUREAU ( 
STANDARDS 


HE spirit of co-operation which is being manifested in the formation 

4 committee representing numerous technical and scientific societies to wi 7 
in harmony with the United States Bureau of Standards, is something 
are pleased to see. Such an intimate relationship with the bureau can o1 
result in a marked betterment for scientific research with a very much less 
plication of effort on the part of all concerned. In the past a great deal 
research work has been conducted by many different institutions with a 
sult that much of the work was duplicated which means both a waste of ener; 
and money. With this new relationship between the bureau and the many s 
cieties and associations we look forward to a very decided benefit to all ai 
a marked saving in the total amount of money which will be expended 
carrying out the researches. 

It is patent that concerted effort makes for efficiency therefore with 

close co-operation of all parties involved a long stride for the improvemen: 
of our scientific knowledge will be the reward. 


FOOTPRINTS 


HE study of biographies and accomplishments of distinguished men is o1 

of the requirements of the University of Pittsburgh for students in thi 
engineering divisions. This phase of the work was very forcibly present 
by Chancellor Bowman when he spoke before the Pittsburgh Sectional 
Meeting of the Society. 

One may readily understand the inspiration obtained from the = stud 
of the biographies of such distinguished men as Washington, Lincoln and 
Stanley. The vicissitudes and struggles they had to meet as well as their ability 
to accomplish successfully problems presented, could not but help impress 
the reader and form in his sub-conscious mind a resolve te emulate and 
endeavor to accomplish something worth while so that his life might also 
be a means of inspiration and guidance for future generations. 


Fae tad beta Sm 


While the late Dr. Howe did not have to undergo the trials and tr 
bulations of early youth as Lincoln did, nevertheless the perseverance and 
steadfastness with which Dr. Howe undertook and continued his researches 
in iron and steel demonstrated that his early education and training had beer 
along lines designed to accomplish successful results. 

The life of Dr. Howe and the results of his many researches and disco. f 
eries should be studied with careful thought, keeping in mind always that 
research is not finished until it has been viewed from all angles and most ex 
haustively studied, : ‘ 

The metallurgical profession will view the life and accomplishment 
of Dr. Howe as a source of continued inspiration, and will gather from 
these a desire to contribute to the advancement of progress in iron and stee! 

While the loss of Dr. Howe is great and appalling, one may nevertheless tak: 
comfort in the thought that his works will live after him and that: 


“Lives of great men all remind us 
We can make our lives sublime, 
And, departing, leave behind us 

Footprints on the sands of time.” 
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PREATING 


THE QUESTION BOX 


NUSUAL interest is being shown in the Question Box Department of the 
TRANSACTIONS. We have had many favorable comments from our 
iembership. We frequently hear the statement, “I am particularly interested 
o see the answers to the this or that question.” It is gratifying to know that 
growing interest is being stimulated through this feature of our publica- 
ion, however we are not getting the support from the membership as a whole 


either in the receipt of questions or answers to questions. Undoubtedly a 


large number do not realize they can contribute to the enlargement of this 
epartment., 


The Question Box 1s intended for your use and it is urged that you 
wail yourself of the opportunity of making it work for you. Probably there 
re some members who would like to contribute answers but who feel that 
hey do not care to have their name appear as a contributor. In this respect 
i. new policy has been adopted whereby the author's name will be withheld 
ind retained in our files, in cases where he makes such a_ request. Your 
confidence and co-operation in making not only this feature but all other 
features of the TRANSACTIONS a success is the one way in which the Society 
will progress and attain the goal for which we are aiming. 


A NEW PRODUCT 


|‘ a new product is to be placed upon the market and the sale of it is to 

have sufficient success to repay the manufacturer, it 1s first necessary that 
the product should be thoroughly tried out in order to determine whether 
or not it is well suited for the purpose it 1s intended. Every year many new 
products are placed upon the market not only of mechanical devices but also 
of human beings. 


Each year the technical schools are turning out many young men who 
during their junior and senior years have specialized in metallurgical sub- 
jects and when they have received their degrees are placed upon the market 
for consumption in the various steel manufacturing and fabricating plants 
(here is no objection to the quality and quantity of work given to and 
performed by these embryonic metallurgists, the great difficulty being the 
unwillingness of these individuals to permit themselves to be thoroughly 
tested and tried out before demanding a compensation for their services en- 
tirely out of proportion to what they are able to deliver. 


One university of repute graduating twenty-three individuals from the 
metallurgical department has so far succeeded. in placing but five of the 
number. While many opportunities have been offered to these graduates 
to obtain minor positions in the laboratories of steel mills and government 
bureaus, they have nearly all declined because the remuneration did not 
seem to be in proper proportion to their own estimate of their value. There 
is a grat responsibility resting upon educational institutions to impress upon 
the members of their graduating class that before they may rise above the 
common herd’ it is necessary for them to demonstrate their ability and 
that during this process they should consider salary as of minor - im- 
portance and the opportunity to apply in a practical way the technical in- 
tormation they possess as the greatest in importance. 
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DETROIT CONVENTION 


HE General Convention Committee of the Detroit Chapter of whic! 
) silly Woodside is chairman, held a very important meeting at th: 

D. A. Cs Club on June 16 when the chairmen of the various sub-com 
mittees gave reports of progress. 

The Papers Committee of which Mr. C. N ) 
Dawe is Chairman, advised that the Committe: 
had .been very successful in obtaining a_ larg: 
number of very high class papers and that it wa 
sure a great amount of interest and discussio1 
would be brought forth because of the originalit 
and diversity of the subjects presented. 

Mr. D. J. Crowley of the Hotels Committe: 
stated that the hotels were beginning to receiv: 
very heavy reservations and that it was advisabl 
. that all members should make their reservation 
W. P. WOODSIDE as soon as possible for Convention week. Som 

members have experienced difficulty in securin; 
single rooms with bath because of the tendency on the part of th 
hotels desiring to have at least two in a room. In case any of th 
members should have difficulty in securing the accommodations the 
wish, Mr. Crowley suggested they should write him direct at 832 Dim 
Bank Building, Detroit, and he would see they were properly take . 
care of. 

The Finance Committee under the direction of Mr. C. T. Brag; 
has plans arranged for the securing of sufficient money so that th: 
entertainment features of the convention will be very ably taken care o! 

The Entertainment Committee of which Mr. Frank G. Davis | 
chairman, has formulated a program that will keep the members enjoy 
ing themselves from the time they land until they leave the Motor Cit) 





The Plant Visitation Committee has arranged a number of ver\ 
interesting visits to some of the largest heat treating and forging plants 3 
in Detroit. Plant visitation in itself will be well worth a trip to thx be 
Michigan Metropolis because it will be possible for the members t 
visit plants during October 2nd to 7th that otherwise they would lh: 


unable to see. , 

The ladies are not to be neglected but it is assured that they will nA 
have as enjoyable a week as they have ever had at any previous con ' 1 
vention and the conventions of the Society have been noted for th Ff 


excellent manner in which the ladies have been taken care of. Larry 
Learmouth will have charge of this phase of the convention. 

The Transportation, Information and Publicity Committees als: 
presented encouraging reports and told of the plans they had worked 
out for securing the proper results by their committees at the ap 
propriate time. 

Mr. Jack Dailey, Chairman of the Local Exhibit Committee pre 
sented his report showing that all of the spaces originally shown o1 
the floor plan had been sold and that it was necessary to open up 
additional booths so that all exhibitors who desired to show thet 
products could be accommodated. 






All indications point to the largest convention and exhibition the 
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ociety has ever held and there is no doubt but that members should 
rin to make their plans now so as to be able to attend. 


( 
> 


ce 


he E 

n . REPORT OF PITTSBURGH SECTIONAL MEETING 

N TT’HE second of our sectional meetings which are held in various parts 

a | of the country was held in Pittsburgh May 25 to 27 at the Bureau 

St Mines. About 250 members of the Society from various chapters 

a hroughout the country were in attendance. 

ol lhe first session scheduled for ‘Thursday afternoon, May 25 was 

it pened by N. B. Hoffman, metallurgist, of the Colonial Steel Company 
nd chairman of the Pittsburgh Chapter who extended an address of 

Let : velcome to the visiting members and guests on behalf of the Pittsburgh 

re Chapter. 

bl Following this address of welcome the meeting was turned over to 

on b lr. C. M. Johnson, Chief of Research, Park Works of the Crucible Steel 

apa Company of America, Pittsburgh, who was chairman of the session. 

n 


| \iter a few fitting remarks, Professor F. F. McIntosh, metallurgical 
thi : lepartment of the Carnegie Institute of Technology was introduced and 





thi presented his very capable paper entitled “Fibre in Steel and Iron”. 
te Prof. MeIntosh’s paper compared the structure of wood and steel and 
ane ' noted that metallurgists seldom consider fibre of importance. Prof. 
cel : \lcIntosh pointed out that fibre goes back to the ingot and is determined 
to a large extent in the furnace and the ingot mold, and that subsequent 
Les rolling and deformation does not increase or decrease its presence. He 
th made the plea that the metallurgists be allowed more freedom in 
Ol specifying the manner in which the steel he has to heat treat should 
he manufactured. Numerous micrographs accompanied the presenta 
O7 ; tion of this paper and are included in Professor McIntosh’s paper which 
ity : s published in this issue of the TRANSACTIONS. A lengthy:and in- 
er) ; teresting discussion followed this paper. 
nts Following Prof. McIntosh, a paper entitled “Factors Influencing 
the j \lass Heat. Treatment” was presented by W. B. Crowe, who is metal- 
to ; lurgist of the armor plate department of the Carnegie Steel Company, 
he llomestead Works, Munhall, Pa. Mr. Crowe’s paper and discussion 
3 also published in this issue of the TRANSACTIONS. 
= The last paper presented at the Thursday afternoon session was 
_ ntitled “A Discussion of Impact Testing Methods and the Results 
the tained”, by John M. Lessells of the Westinghouse Electric 
So « Mfg. Company. Mr. Lessells’ paper was published in the May issue 
ol the TRANsAcTIONS. The discussion which followed his presentation 
| is to be found in this issue of the TRANSACTIONS. 
eed Thursday evening somewhat over 100 members and guests of the 
oo Society assembled at the University Club where an informal banquet 
sil vas served. It was a regular heat-treaters banquet as evidenced by 
the following menu: 
e MENU 
up Austenitic Puree ala Mongole 
hei Celery Ghosts Ferritic Olives 
Filet of Grain Refined Sole 
the with Dephosphorized Sauce 
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Open Hearth Vermont Turkey 
with Electric Furnace Cranberry Sauce 
Bessemer Sweet Potatoes 
(Southern Crucible Style) 
Spheroidal June Peas 
Dendritic Lettuce 
with Desulphurized Roquefort dressing 
Frozen Puddled Custard 
Pearlite Cake Demi Tasse Quenching Oijl 
Havana Smoke Stacks 

Prof. A. E. White of the University of Michigan and past-preside: 
of the Society presented G. H. Neilson, President of the Braeburn 
Steel Company, Braeburn, Pa., and past president of the Engineer’, 
Society of Western Pennsylvania, who presided over the meeting 
toast-master. A very entertaining evening was enjoyed by all. Th: 
speakers included Dr. John G. Bowman, Chancellor of the Universit 
of Pittsburgh, Prof. Frederick Crabtree of the Carnegie Institute «| 
Technology and Dr. John A. Mathews, President of the Crucible Stee! 
Company of America. Dr. Mathews delivered a very interesting addres: 
entitled “Metallurgical Miscellany”. This banquet and meeting wa: 
declared by all who attended as a decided success. 

Friday morning, the members in attendance assembled at the 
William Penn Hotel where they were assigned to automobiles furnished 
by the members of the Pittsburgh Chapter and were taken to the Edga 
Thompson. plant of the Carnegie Steel Company where they reviewed 
the rolling of steel shapes, the blowing of Bessemer steel, and th 
melting of open hearth steel. Following the inspection of this plant, 
the visitors were escorted through the plant of the Westinghouse 
Electric & Mig. Company and at noon time were served with a very) 
delicious luncheon in the cafeteria. After the luncheon a short trip 
was-conducted through the coil winding and electric locomotive depart 
ments of this plant. At 2 o'clock the party proceeded by automobile to 
the Bureau of Mines Building where the final technical session was held 

Professor H. M. Boylston, Case School of Applied Science, Cleve 
land, presided over this session. A. M. Cox, President and Treasure 
of the Pittsburgh Commercial Heat Treating Company presented his 
paper entitled “The Abrasive Qualities of Plain Carbon and Allo) 
Steels”. This paper was well received and rather freely discussed. It 
was published in the May issue of the TRANSACTIONS. 

Following Mr. Cox, John A. Succop of the Heppenstall Forge 
and Knife Company, Pittsburgh, presented his paper entitled “Importance 
of the Proper Heating and Cooling of Steel”, which was also published 
in the May issue of the Transactions. The discussion of Mr. Succop’s 
paper is to be found in this issue. 

A paper entitled “‘Manufacture of Springs” by D. A. Smith of the 
Union Spring and Manufacturing Company, New Kensington, Pa. was 
read by title, as Mr. Smith was confined to his bed due to illness. 

The last paper of the session was delivered by M. A. Grossmann 
metallurgist of the Electric Alloy Steel Company, Charleroix, Pa., and 
was entitled “The Change in Dimensions of High Speed Steels in 
Heat Treatment,” published in the May issue of the TrANsactions. This 
paper brought forth a large amount of interesting discussion and 
proved to be a subject in which many of the members were very much 
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terested. Mr. Grossmann handled the discussion in a very capable 
anner and his discussion likewise appears in this issue of the 
RANSACTIONS., 

Friday evening those in attendance were entertained by the Pitts- 
urgh Chapter at a smoker in the Bureau of Mines Building. A very 
teresting and entertaining evening was enjoyed by all after which 
huffet luncheon was served. 

Saturday morning, the Board of Directors assembled for a business 
neeting. 





SOCIETIES TO CO-OPERATE WITH BUREAU 
OF STANDARDS 


[| order to keep in close contact with the iron and steel industry 
so that investigations conducted by the Bureau of Standards will 
he along the lines meeting the needs of the industry in general and 
pertaining to the fundamental properties of iron and steel, an advisory 
committee on ferrous metals has been appointed to work in close contact 
ith the Bureau. This committee is made up of representatives of 
several scientific and technical societies interested in iron and steel. The 
societies represented by this committee are the American Society for 
lesting Materials; the American Institute of Mining and Metallurgical 
I-‘ngineers; the American Association of Steel Manufacturers, Society 
of Automotive Engineers and the American Society for Steel Treating. 
On June 2, this Committee assembled for a conference at Wash- 
3 ington, D. C. The following men were present representing their 
1 respective societies:: Bradley Stoughton, Consulting [ngineer, New 
York, and Dr. John A. Mathews, President of the Crucible Steel Com- 
pany of America representing the American Institute of Mining and 
\letallurgical Engineers; H. T. Morris, Bethlehem Steel Company, South 
Bethlehem, Pa. representing the American Society for Testing Materials; 
I’. F. Kenney, Midvale Steel & Ordnance Comp: iny and Hugh P. Tie- 
nann, Carnegie Steel Company representing the American Association 
of Steel Manufacturers; G. FE. Norris, representing the Society of 
\utomotive Engineers; Prof. A. E. White, Director of Engineering Re- 
search, University of Michigan and T. D. Lynch, Westinghouse Electric 
& Mfg. Company, East Pittsburgh, representing the American Society 

lor Steel Treating. 
A. A. Stevenson, member at large and J. H. Parker representing 
the American Society for Testing Materi: ils were unable to be present. 
There were present at the meeting from the Bureau of Standards: 


pi. 
ne kG 


.§ Dr. S. W. Stratton, Dr. G. K. Burgess, Dr. Hildebrand, H. J. French, 


Mir. Caine, Mr. Lundell, Dr. Rawdon, Dr. Jordan and Mr. Freeman. 

Dr. Burgess had prepared a very comprehensive program to be 
reviewed by the committee. The discussion was opened by Dr. S. W. 
Stratton who gave an interesting talk on the purpose in bringing this 
committee together , Stating that it was the desire of the Bureau to get 
irst-hand information as to what problems, along metallurgical lines 
ire potent and which should be investigated, and to get such help as 
the committee could give in placing the work of the Bureau on the best 
commercial basis possible. He referred to the non-ferrous committee 
vhich had been working for about a year and one-half and stated that 
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this work had been a very great help to the Bureau with the result th 
considerable had already been accomplished in connection with th 
work. As to the action of this committee it was pointed out that oth: 
societies in addition to those already represented might probably | 
added to the committee personnel. Such societies as the Americ: 
Foundrymen’s Association; American Railway Association; the Americ; 
KIectrochemical Society and the National Research Council were su; 
gested. It was also suggested that the appointment on this committ 
of a few individuals might be especially desired on account of th¢ 
associtaions, namely Dr. Albert Sauveur, of Harvard University, [D 
Wm. Campbell of Columbia University, and Frank Carney, consultin 
metallurgist of New York. 
The question of time and frequency of meetings was discussed ai 
it was thought advisable to have meetings about once every six mont! 
one in the fall and the other in the spring in order to keep in tou 
with the work the Bureau is doing and also to keep the Bureau in tou 
with the work that others are doing throughout the country 
The question of numbering of steels was taken up and discussed 
some length with reference made to the work which the Standards Con 
mittee of the American Society for Steel Treating is doing and the worl 
that the Society of Automotive Engineers has already done in standai 
izing the numbering of steels. The Bureau expressed a desire to hea 
from different organizations as to what part they might probably pla 
in such a standardization. 
Mr. Norris brought out that the Society of Automotive Engineers 
felt that the work which they had already done is for the present 
least, quite satisfactory to that organization and that if any chang: 
from their present scale were made, it should be very carefully con 
sidered before being established, but he did think that the Burea 
could accomplish good work in establishing this numbering system 
and making it a clearing house to which additional numbers might bh 
added from time to time. 
Dr. Hildebrand reviewed the methods which had been adopte 
by -the Bureau in establishing and distributing standard chemica! 
samples and asked for any suggestions that might add to the improv: 
ment of the method now in use. 
Dr. Jordan gave a talk on the subject of gases in steel and hov 
to determine them and the changes which take place in heat treatment 4 
due to the presence of these gases. 
Mr. Freemann discussed rolling mill problems, the amount of rr x 
duction and its effect upon steel. 
Mr. Fletcher gave a talk on the values of steels at high tempera 
tures and stated that the engineers at the Bureau were in a position fs 
to make tests on steel while at high temperature and determine its | 
physical properties under these conditions. Mr. Freeman discussed th: 
tests which had been made upon railroad materials and he went int 
considerable detail on a lot of the tests that are now being run, coverin; 
thermal stresses in wheels, wheel composition, titanium treated rails. 
ingot practice, etc. 
Dr. Jordan reviewed the subject of iron-carbon-manganese alloys 
bringing forth the work that is now betmng done by the Bureau. 
The corrosion of chrome steels was ‘discussed by Dr. Rawdon wh: 
reviewed the work which the Bureau has done relative to the corrosiv: 
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ualities of different steels and the importance of having steels that 
lid not corrode, and their use in measuring apparatus and other places 
vhere corrosion causes trouble. He also discussed the subject of 
testing wrought iron and importance of more definite methods of test- 
ng this material stating that the old methods had become antiquated 
ind that the results obtained did not reveal the real merits of wrought 
Iron. 

Mr. French discussed tests of high speed tool steels covering the 
mportant features and steps to be taken in obtaining standard bars 
mn which to test high speed steel. There was a consensus of opinion 
of those present that in general it is necessary to test steels according 
to the type of work it is intended the tools are to perform giving as 
nearly as possible the working conditions. 

It was stated that the Bureau has associates working with the 
bureau and maintained by different manufacturing organizations for 
the purpose of working out their problems and with the provisions 
that the findings are at some later date published. ‘The companies 
maintaining these associates obtain the benefit of first-hand information 
and are enabled to use these data before this knowledge could come 
into the hands of any competitors. 

As this meeting was called primarily for the purpose of organizing 
ind outlining the possible actions of the committee and the method 
of attack to be used, no definite action was taken. The thoughts con- 
veyed by the various members of the Bureau of Standards were left 
as food for thought to be more minutely discussed at the next meeting. 

Following the adjournment of this session the v‘siting committee 
was escorted through the laboratories of the Bureau. 


SHOW YOUR COLORS 


N /T so long ago a gentleman from Chicago had occasion to go abroad. 

While the liner was leaving New York harbor our friend was on deck 
‘canning the sky line of the famous city, his eye happened to catch a glimpse 
‘f an emblem that a fellow passenger was wearing on his waist coat. It 
looked familiar and upon closer examination he found it to be similar to the 
one he was wearing. It was the ensignia of the American Society for Steel 
lreating, 

The fact that each was wearing the emblem of the Society immediately 
placed these two men on the same plane which resulted in a very interesting 
ind companionable voyage. When they arrived in England they inspected 
several steel mills and spent many profitable hours together. This chance 
ineeting through the medium of a society emblem is not at all unique. It 
happens frequently and incidentally usually results in warm friendships. 

The wearing of the Society’s insignia places a man in a class which identi- 
ies him as a progressive student of science and technological advancement. 
Nur society is an internationally recognized institution for the advancement 
of steel metallurgy and membership in the society is something of which 
to be proud. 

The insignia of the society is familiar to most of our members, being in 
the form of a small circular safety clasp pin having an especially attractive 
irrangement of the initials A. S. S. T. : 
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FIBRE IN IRON AND STEEL 
By F. F. McIntosh 


HE earliest workers with iron and steel recognized the fibrous characte 

of these metals. It was an easily recognized characteristic and it had 
marked effect upon the performance of the metals. When the scientist turne 
his microscope on these metals he made many interesting and valuab! 
discoveries. He found that they were made up of grains or constituent 
which he named ferrite, pearlite, cementite, austenite, etc. It would be har 
to overestimate the value of his work, but he worked so very close to hi 
metal, that in many instances, he lost sight of some of its very importan! 
characteristics. You will find that some of his books say that wrought iro 
is not fibrous. He may tell you that it is made up of grains of ferrite an 
stringers of slag, and that the grains of ferrite are granular or crystallin 
and therefore wrought iron is not fibrous. He recognizes the true structura! 
condition of the metal but he is very apt to overlook the influence of its con 
dition upon its ultimate performance. He frequently fails to recognize th 
fibrous character of steels or its full influence upon the performance of tli 
metal. In many instances he is not given control of the manufacturing con 
ditions which govern the formation of the fiber or grain of his metal, and 
he is required in the working and treating of the steel, to secure results with 
material in which his only specification has been chemical composition. 


If the chemist were given pieces of wood, one of hemlock and one of 
hickory, he would probably show no more difference between the chemical! 
composition of the two kinds of wood than might be found between two 
heats of steel manufactured within the limits of an ordinary steel specification 
lf we were to make one sledge handle of hickory and one of hemlock the 
difference in performance of the two woods would be easily observed. It 
would be the difference between success and failure and it would be the re 
sult of differences in fibre or grain of the two woods. Differences of the 
same general character and magnitude exist in irons and in steels. 

The metallurgist should pay more attention to the fiber or grain of hi: 
metals than he usually does, and he should take the stand “that taxation with 
out representation is tyranny,” that is, if he is to be held responsible fo: 
the working and heat treatment of the metals, he must be given control ove: 
the conditions which govern fiber. He can often work himself into the prope: 
position, in this respect, and without revolutionary methods, if he makes the 
examination for fiber a routine inspection just as he now requires a 
chemical analysis or a tensile test. 

The object of this paper is to direct attention to the importance of fiber in 
the performance of iron or steel under test or in service, and to indicate the 
factors which govern its formation and character. The paper has been sug 
cested by the many instances which have been observed where chemical com 


position and treatment of metal have been according to specification, but the 


metal has failed to stand up in service. An examination for fiber often 
shows the cause of failure. It has been observed that in many instances 
the metallurgist neglects this examination, and, in his great interest in th 
microstructure, overlooks the importance of fibre or grain as shown by meth 
ods of macro-etching. The importance of this subject cannot be- over 


A paper presented at the Pittsburgh Sectional meeting, May 25-27. The author Prof. F. F. 
McIntosh. is professor of metallurgy, Carnegie Institute of Technology, Pittsburgh, Pa. 
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th Fig. 1—Macrostructure of a longitudinal section of wrought iron showing the decidedly fibrous con- 
si lition of the metal, 3.6X. Fig. 2—Photomicrograph of a longitudinal section of wrought irgn showing 
I tringers of slag and ferrite grains, 150X. Fig. 3—Macrostructure of a low carbon steel showing the 
brous nature of the material, 3.6X. Fig. 4—Photomicrograph of a low carbon steel showing on!y faint 
I traces of fibre as disclosed by small thread-like nonmetallic inclusions. Fig. 5—Photomicrographs of a 
Pa. transverse section of a steel plate, rolled in two directions, showing the absence of fibre. Fig. Sa is a 


ngitudinal section of the same plate. 150X. 
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emphasized. A recognition of its importance and an intelligent control . 
it under manufacturing conditions: would often mean a big improvement 
quality of product and a saving through improved performance of metal a: 
fewer failures in service. Intelligent control can only be obtained by a thoroug 
and correct understanding of the character of fiber and all of the facto: 
which govern its formation. The practical man and experienced manufactur 
who recognizes fiber and sees, in a measure, its importance, should dema: 
the co-operation of the metallurgist who understands its causes and charact: 
There has been too little of this kind of co-operation. The metallurgist ha 
held too close to the laboratory and his microstructure. The manufactur 
has been too much absorbed in the problems of production. 

In all lines of manufacturing activities we are facing a most seriou 
situation in the form of German competition. A study of the German met): 
ods will show. many reasons for his success. ‘The outstanding reason, th 
one which will be the cause of much of our worry, goes back to the faci 
that he has applied science to his industries. The fiber in steel may seen 
like a small detail, but, if a German rail performs better in service than «a 
American rail, the difference in fiber might readily be the cause, and the r 
sult be the loss of South American rail contracts. It is hoped that this pape: 
will succeed in indicating the importance of the subject. In a short paper «| 
this kind it is impossible to make a thorough and comprehensive exposition «| 
ihe subject, however, we shall, by means of photographs and photomicro 
vraphs illustrate the subject with a few simple examples. As a first exampk 
let us consider a piece of wrought iron, a material which we have been tol. 
is not fibrous. A comparison of longitudinal and transverse tensile tests show 
« marked variation in the physical properties of the metal. 


Ultimate Strength 
Pounds per 
Square Inch 


Yield Point Elongation Reduction 
Pounds per percent Area in 
Square Inch in 2 inches per cent 


Longitudinal 47,400 29,600 16.0 21.9 
" 47,600 29,000 25.0 21.9 
Transverse 32,800 22,600 2.5 5.2 
19,800 2.0 2.4 


-. 28,400 


The wrought iron has much greater strength and ductility in the long) 
tudinal direction than it has in the transverse or across the fiber direction 
When the material is etched for fiber or macrostructure it shows a decidedl) 
fibrous appearance with the fibers running in the direction of maximum 
strength and ductility as shown in Fig. 1. 

When the microstructure is examined the usual structure of stringers 01 
slag and grains of ferrite are observed as shown in Fig. 2. It is desired to 
direct attention particularly to the fact that ferrite grains are arranged in 
longitudinal bands. These bands are easily distinguished by their differenc: 
in grain size, a difference which is probably the result of variations in com 
position. The metallic portion of the wrought iron is made up of longitudinal 
stringers of ferrite. The ferrite grains might be considered as similar to 
the cell structure of wood and the banded arrangement as representing the 
grain of wood or fibers of a rope. 

This examination shows that wrought iron is a heterogeneous material 


composed of longitudinal stringers of slag and longitudinal bands of metal, 


and that it has much greater strength -and ductility in the direction of the 
bands or fiber (longitudinal) than it has when tested across the fibre (trans 
verse). Practical experience has shown many interesting results with thi: 
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jaterial, and, in spite of the fact that many writers have said that it is 
ot fibrous, the test of service has enabled it to hold the field in service such 


_ stay bolts, at a cost of at least 30 per cent more than its rival. There are 
18 ~vidently some tactors in connection with the fiber of this material which 
- re not understood. 

ir 


Whether or not wrought iron is fibrous depends largely upon the deh 


; , . 
ition of the word fibrous. It is certainly made up of longitudinal stringers 
, r films ot slag and longitudinal bands or fibers of ferrite grains. Like a 
4 niece of wood or rope it has longitudinal strength, and transverse weakness 
; resulting in flexibility. A long discussion might be developed on the use 
if the word fiber, however a wrangle of this kind would add little to out 
-— echnical knowledge. It has been suggested that the term fiber might be 
: ised wherever the material has been extensively elongated. The author be 
} lieves, however, that it would be best to abandon the word tber entirely 
. vhere metals are concerned and use the word grain. The word grain would 
- ipply equally well to either cast or forged material. The objection to the 
| pply equall; ) ei st or forg obj 
, use of the word grain is that it is frequently used to refer to microstruc 
! “ > . - 
ture of the metal and every effort should be made to avoid confusing the 
P microstructure with the macrostructure. The important thing, after all, is 
«)} . : s ° 
F iot so much the word used, as it is the general recognition of the heterogen 
1 : cous character of the metals and the importance of this characteristic. The 
" characteristics of fiber or grain are not confined to wrought iron. They are 
present in all steels and the following examples have been selected to illustrate 
e his point. Longitudinal and transverse tensile tests were made on a sample 
ff low carbon steel which had been rolled into a long flat section. The re 
ults of these tests are as follows: 
4 Ultimate Strength Yield Point Elongation Reduction of 
Pounds per Pounds per per cent Area in 
Square Inch Square Inch in 2 inches per cent 
Longitudinal §5,600 36,200 $4.0 $1 4 
" 43,200 36,400 54.0 56.3 
Transverse §4,700 35,200 33.6 
b §4,900 35,000 42 9 
L There is little difference between the transverse and longitudinal strength 
) C of this material; the transverse test being slightly lower in yield point. The 
£ pe ETRE! 
MN : effect of fiber, however, shows up very clearly in the ductility of the material 
(he transverse samples broke outside of punch marks, but reduction of area 
| a tells the story. Fatigue or impact tests would also show a marked difference 
O resulting from fiber. The macrostructure, lig. 3, shows the fibrous nature 
n : of the material, the microstructure Fig. 4 shows only faint traces of fiber as 
, disclosed by occasional small thread-like nonmetallic inclusions, 
Transverse and longitudinal tensile tests from a steel plate rolled in a 
| vlate mill, rolled in two directions, from ingots designed for plate mill work 
) ° - . ° . . 
indicate that fiber is absent in this material. 
2 
Ultimate Strength Yield Point Elongation Reduction of 
I re Pounds per Pounds per per cent Area in 
| . ° Square Inch Square Inch in 2 inches per cent 
p Longitudinal 62,750 36,000 34.0 50. 5 
¢ ” 63,450 35.500 32.5 46.5 
Transverse 62,750 37,000 30.0 46 | 


62,200 36,000 30.0 $0.5 










Fig. 6—-Macrostructure of a 
the elements of fibre which were 
Che fibres are present in sheets like the 
transverse section of a high grade 
Fig. 8 is the macrostructure specimen shown in Fig 
isa macroetching of the transverse section of the same 
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steel plate, rolled in two direc‘ions, 
but not evident in photomicrographs in Figs. & and 5a 
leaves of a book 





showing 


Magnified 3.6X Fig 7 Photomicrograph ot 


rhe presence of tibre is clearly shown. 


acid steel forging shewing no banding or indication of fibre. 


specimen. 3.6N 
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Fig. 8a 
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Photomicrographs of this material, Fig. 5 and Fig 5a, taken from trans 
erse and longitudinal specimens do not indicate the presence of fiber. Meth 
ds of macro-etching, however, reveal the elements of fiber which were 
vell developed, as shown in Fig. 6. The fiber in this case is in sheets like 
he leaves of a book. The physical properties of the plate taken with refer 
nce to its length or breadth, that is, parallel to the sheets of fiber, do not 
how variations. If a tensile test were taken through the thickness of the 
plate it would be a transverse test and would give lower physical results. 
lransverse and longitudinal tensile tests taken from a high grade acid 
eel forging containing about 0.40 per cent carbon and O.58 per cent man- 
canese, shows the effect of fiber. 


Ultimate Yield Point Elongation Reduction of 
Pounds per Pounds per per cent Area in 
Square Inch Square Inch in 2 inches per cent 
Longitudinal 91,750 48,000 24.0 36.0 
Transverse 89,250 48,250 17.0 25.1 


lhe microstructure of this material, Fig. 7, shows no banding or indica 
ion of fiber, but the macrostructure, Fig. 8, shows the fiber and explains the 
eason for the low elongation and reduction of area shown on the transverse 
tensile test. It is not difficult to trace the fiber back through the different 
tates of manufacture. Its study affords valuable information as to the flow 
and working of the metal and the casting conditions. It shows that fiber or 
crain originates at the time the metal solidifies and that its -character is de- 
termined by three main factors: 

1. The condition of the molten metal 

2. The conditions of solidification 


, 


3. The flow of the metal during forging, pressing or rolling 

l‘or example, take a cross section of a 4-inch x 4-inch billet. Under ex 
anunation for fiber or grain, it shows the outer ring metal resulting from the 
dendrite growth on the face of the mold and the corner lines and distortion 


lue to rolling. The central zone of freezing is quite distinct. It might be 
likened to the trunk of a square tree with outer shell or sap wood and inner 
core or pith wood. ‘This condition is shown in Fig. 9. A second example, 


illustrating the persistance of grain and the effect of different macro-etching 

agents, consists of a section of splice bar about 4 inches long. One end of 

this section was etched with sulphuric acid, Fig. 10, the other end of the 
, same piece was etched with Humphrey's reagent, Fig. 11. 


Peet eer ee ana eer 


The grain of the metal shows the distortion which the original ingot 
had received. A longitudinal section would show a marked fibrous appear- 
ance. The Humphrey's reagent has left a high phosphorus area standing in 
relief in the center of the section, while the sulphuric acid etch has removed 
this same area and left a deep cavity in the center of the section, 

Fig. 12 is a macrograph of the grain of a 9.50 per cent carbon basic 
teel ingot reduced to one half full size. Fig. 13 shows the same material 
inagnified 3.6 times. The grain which is so obvious in all of these macro- 
graphs persists through all normal working and treating of the steels. It 
represents an important characteristic of steels, a characteristic which is not 
considered as carefully as it should be by our manufacturers and metallur- 


Cists. 


These examples all illustrate the well known fact that iron and_ steel 
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Fig. 9—Macrostructure of a 4 x 4 billet showing outer ring of metal resulting from the dentriti 
growth on the face of the mold and the corner lines and distortion due to rolling. The central zone 
freezing is not quite distinct. 3.6X Fig. 10—-A macrograph of a section of a splice about 4 inches long 
etched with sulphuric acid. 0.7X Fig. 11—Macrograph of the opposite end of splice bar etched wit! 
Humphrey's reagent leaving a high phosphorus area standing in relief in the center of the section. Th« 
sulphuric etch has removed this area and left a cavity. 0.7X. Fig. 12—Macrograph of 0.50 carbon basi 
steel ingot. O0.5X. Fig, 13—-Macrograph of same specimen magnified 3.6X. 
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possesses structural characteristics and physical properties which are not uni 
form in all directions; characteristics which are the result of the fiber or 
erain of the material. A critical study by means of impact tests, fatigue tests, 
transverse tensile tests, and macro-etching of any class of iron and_ steel 
would show marked variations in properties of the material resulting from 
variations in methods of manufacture. The chemical and micrographic condi 
tions might not vary, but the fiber of the material, the result of melting, 
casting, and working conditions would vary greatly. It is desired to empha 
size the fact that fiber has a marked influence on the performance of metals 
and that chemical, micrographic, or longitudinal tensile tests do not indicate 
the character of the grain or fiber of the material the fiber or grain 
of steel is the result of three main factors or classes of conditions as previous 
ly stated. It is desired to make a brief review of these three factors or causes 
which give to the steel a heterogeneity which persists through all treatments 
and which greatly influences its performance in service, which causes differ 
ences in the steels equal in magnitude and character to the differences which 
exist between a piece of hemlock and a piece of hickory, 

The condition of the molten metal has great influence on the fiber of 
the finished steel. The temperature of the metal influences the rate of freez 
ing and size of dendrites. The degree of oxidation has much to do with the 
amount of nonmetallic inclusions which collect between the branches of the 
dendrites. A steel, which has been deoxidized in the ladle is like muddy 
water; all through the molten mass the reactions between deoxidizer and 
oxygen are going on giving nonmetallic mud which is trapped by the freez- 
ing metal and gives grain just as slag does in wrought iron. Gas in solution 


or trapped in the metal probably has some influence. The conditions of 
solidification regulate the size and character of grain through the phenomena 
of selective freezing. This phenomena gives the well known segregation at 


the top of the ingot, and it gives a similar segregation throughout the entire 
mass of the metal. Each crystal or dendrite as it forms follows the laws 
of selective freezing and results in a secondary or minor segregation or chem- 


ical heterogeneity throughout the mass of steel. A heterogeneity which per 
sists through all heat and mechanical treatment. A heterogeneity, which, 
coupled with the nonmetallic inclusions, give the fiber or grain to. steel. 
Micrograph Fig. 12 shows the character of this segregation. The phenomena 


of selective freezing is not difficult to understand, but attention should be 


directed to the fact that there is a secondary or reverse segregation which 


takes place in steel after it has solidified. This secondary segregation results 
in ferrite lines appearing in the finished steel at the places, where, at time of 
solidification the carbon was highest. ‘This reverse segregation is sometimes 


overlooked in reading back from the macrostructure to the cause of fiber or 
of banding in steel 

The flow of metal from working, merely distorts the fiber or grain 
which formed when the metal solidified. There is nothing mysterious about 
this phenomena, but it is highly important in designing the different stages 
in the forming of metal articles. Sharp angles are always avoided in finished 
shapes and fillets are used freely but we are apt to overlook the fact that 
quick changes or distortions in fiber are just as serious. An additional opera- 
tion in forging a crank shaft may ease off the fiber around a quick change in 
direction and mean the difference between a good shaft and a bad shaft. 
Che macrostructure should he studied for every stage in the forging.of a 
part before the final method of forging is adopted. Often great improve 
ments can be made by slight changes in die design. 
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Discussion of Prof. McIntosh’s Paper 


MR. E. J. JANITZRY (Chicago) : 
to an article by Dr. E. Kothny of Traisen, 
677, Stahl und Eisen, May 20, 1920, which deals with a specification fo 
airplane crankshafts that required beside the usual statical test, a fractur 
test which had to reveal a fibrous texture. 


would like to 
Austria, which appeared on pag: 


The test specimens had to show 
the following physical properties for acceptance: 


Elastic Tensile Reduction 
Limit Strength ot Area 
per Square 
Kilograms Millimeter 
Longitudinal 95/110 105/120 45% 
Transverse 95/110 105/120 15% 
The following chemistry was found to give these requirements: 
Carbon Manganese Silicon Nickel 
0. 20% 0. 40—0. 60% 6.28. : 4.50 


The tests were taken in the following manner: Two test specimens wer 
to be cut from each shaft, roughly forged, machined and used for the tensile 
and nick tests. The remainder of these pieces were to be nicked vertical to 
the longitudinal axis and broken under the press in order to expose the frac 
ture in a larger area. ‘The nicked tests of the longitudinal pieces and the 
fractures of the other samples had to show a fibrous structure and a good 


tendency to flow. 


In the manufacture of tlfis_ steel 
that although the tensiie tests were satisfactory the fibrous fracture could 


consecutive heats 


not be obtained. An investigation was therefore conducted. 


The results of this investigation 


plane shafts. 


The following conclusions were derived: 


were startling. 
of careful tests, the working conditions were observed and determined fo: 
the manufacture of chrome nickel steel 


electric are furnace 


1. Only high grade niaterial should be charged. 


? 


the heat treated state. 


3. The method of adding the deoxidizers and the ferrochrome has 


influence on the fracture. 


4. The temperature of the ingot mold and the method of pouring (top 


and bottom) have no influence either. 


= 


fiber in the worked state. 


6. A manganese content exceeding O.80 per cent makes the structure 


granular in the heat treated state. 


It is also noteworthy that metallographic examination did not differenti 
ate between a granular or fibrous fracture. 

Point 2 of the above conclusions invites the investigation of metallurgists. 

Point 5 seems to give the answer to Professor McelIntosh’s paper, 

PROF. McINTOSH: I am not sure I caught all the points you present, 
but I think I have some of them and | am glad you mentioned them be 
cause they bring out the thing that I spoke about when I started: that is 


2. Kven when using the purest base, two oxidizing slags previous to 
the refining slag must be worked in order to obtain the fibrous structure in 


5. A long duration of solidification which can be due to hot pouring 
or the use of sand molds produces a steel which shows a strong transverse 





Chromium 


was reveale:| 


Through a 
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hat we are lacking in a specific nomenclature to cover what we are talking 


ibout, 

We speak of a woody fracture, and when we speak of that we refer to 
. woody fracture in the test piece, | take it. That is not what | am trying 
to point out. That ts a well defined phenomena, and my analogy of hickory 
and hemlock probably coupled up with your woody fracture has caused 4 
certain amount of confusion. [| am not speaking of fractures at all in’ this 


work, | am speaking of fiber in steel, which depends on the conditions of melt 
ing and casting the steel. You might get a fibrous fracture or you might not, but 
| still maimtain that all steel you get will have these characteristics which | 
have called fiber for lack of a better name, which | have suggested might be 
called grain, and | foresaw the conflict due to the difference between the 
microscopic structure and the macroscopic structure 

You spoke of crank shafts. | saw a very interesting application of this 
study, of the kind of fiber | am trying to talk about, in the manufacture of 
a crank shalt by a well known automobile maker. ‘They had trouble with 
. breaking off where the shaft jomed the disk at the end of the crank. <A 
study of the kind of fiber that | am talking about showed that the grain of the 
teel, or the fiber, had been very much disturbed when it made that sharp 
change from the straight round shaft to the circular disk; just as if you abuse 
a piece Of wood, and wreck the fibers, you cause a weakness. ‘They changed 
the method of making crank shafts, put in an additional step to ease the 
How of the metal from shaft to disk and those troubles disappeared, 
cases, which 
Is a very severe process as far as the flow of metal is concerned, By study - 
ing the grain or fiber of that material and changing the punches and dies 
so that the material flowed gradually and wasn’t abused in any of the 
operations by making a sudden jump in the gram of the metal which could 
not be remedied by heat treatment, it was possible to make a superior case, 


| have seen the same thing in the manutacture of cartrid 


ge 


| have seen the same thing in shell forgings. You remember the but 
a ton, that, under certain conditions, used to fall out. They were afraid of 
; prematures as the result of it. That button was merely due to abusing the 
: kind of fiber that | am talking about. That is, with improperly designed 


punches and dies, from the very start, there was a bit of dead metal ahead of 
the punch, and off to both sides of that was metal that you flowed excessively, 
so that you had a cone of rupture between the material that was flowing and 
the dead metal in front of the punch. By developing proper shaped punche 
that source of danger was elimimated, 

MR. N. B. HOFFMAN (Pittsburgh): Is there any formula you can 

use in a percentage reduction, to completely remove the dendritic structure 
i a carbon. steel? 

PROF, MeINTOSH: You can’t remove it at all. Your formula of 
reduction merely means how much you are going to draw it out. The work 
of Charpy and others has shown, for example, that excessive reduction re 
duces the transverse test values of steel. That is because it introduces 
more of these lines of weakness. I think one of the reasons that a crucible 
steel performs better than a similar grade of steel in larger ingots is due 
to the fact that with a smaller ingot you get small dendritic growth, and 
fine fiber; but I am still convinced that you will get fiber or something cor- 
responding to it. It may not be clearly visible in all steel. But [| think 
in order to really get rid of fiber you will have to go back and = change 
the laws of nature which govern selective freezing. 
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MR. HOFFMAN: Then a larger ingot would take more reduction tha: 
a smaller ingot? 

PROF. McINTOSH: There are so many factors in a thing like tha’ 
that | would hate to commit myself. | wouldn’t attempt to make a genera 
statement on a thing of that kind. 

MR. z, M. LESSELLS (Pittsburgh): I would like to ask if you al 
putting forth the theory of trying to get rid of the fiber? The more fib 
you have the higher reducing properties you are going to have. 

PROF. McINTOSH: If you take out the fiber from a piece of hic! 
ory or reduce the amount of fiber, you might get a wood like boxwood, 
it wouldn’t do the work that hickory does. No, | am not making an attem) 
to say that the elimination of fiber would give you better material, but | an 
attempting to say that fiber is of prime importance in the performance of th 
material. | don’t even say it is desirable. I wasn't attempting to say w: 
should abandon chemical analysis or abandon microscopic examination. Bu 
| am trying to say that macroscopic examination is of prime importance ai 
is a subject we have neglected, and that when a heat treater is compelle 
to get results with steel in which his only specification is chemical analysis, 11 
is a case of taxation without representation. 

MR. HOFFMAN (Pittsburgh): I believe you are pretty well on th 
way to beating nature to it when you spheroidize a square ingot. You 
eliminate your fiber structure to a great extent. You almost eliminate 
your fibrous material by spheroidizing. 

PROF. MeINTOSH: I don’t think so, although in that particular zon 
the fiber would not be as marked as in the central zone. But that outer zone 
just as in your ferrite here, would probably have differences in phosphoru: 
content which would not disappear if spheroidized. I am inclined to think 
that the condition of gas in the steel has something to do with it. An) 
steel will have from 5 to 15 times its own volume of gas in it. That is about 
all we do know, but the steel that we have here is a basic steel, very low 
in phosphorus, and yet | think you will find that both zones in this steel 
contain fibre. In this very crude piece of etching you can see elements o! 
fiber out in that outer zone. Of course when you make that*into a rivet o1 
telegraph wire or any structure, you have two combinations of fiber that 
show up. 

MR. A. M. COX (Pittsburgh): When the company I was recently 
connected with first started the manufacture of motor pinions for street 
railways, they used bar stock. Upon deep etching for macrostructure prac 
tically each strain line could be traced from one end to the other parallel 
to the bar length. 

The next step in the procedure was to go to upset forgings on account o!| 
the teeth breaking out easily when using bar stock. That helped some be 
cause the fiber or strain lines seemed to mesh in between, past each other 
and upset at the top and bottom due to the upsetting process of manufacture 
The upsetting was used. So that, if a tooth should happen to break out, : 
would cause a breaking of fiber lines which would give you a stronger resist 
ing tooth than possible with the forged steel bar. 

About a year ago we tried first the upsetting and subsequent drop forg 
ing. We got the upset pinion results combined with the drop forging, which 
caused a flow of the fiber lines so that in order for a tooth to break out it 
had to cut more fiber lines or overcome greater resistance. The breakag: 
has been practically eliminated by using the upset and drop-forged pinion 
That is along the line of making use of the fiber lines in steel, 
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MR. k..E. THUM (New York): IL would like to ask Professor Me 
Intosh if he has been able to fix in his own mind the border line up to 
which nonmetallic inclusions are desirable as causes of fiber, and the other 
step beyond the danger line where they are undesirable as causes of woody 
fractures. | assume from your remarks that perfectly homogeneous metal is 
not desirable. 

PROF. McINTOSH: 1 didn’t mean to convey that idea if | gave jt 
| have not exactly made an effort to formulate what you have in mind 
| have always been under the impression that in steel, nonmetallic inclusions 
represented something abnormal or undesirable. It is something like the im 
perfections of a human being—the fewer we have the better off we are, but 
none of us are ever perfect. 

With fiber in steel, | think that nonmetallic inclusions should be only 
minor factors. Does that cover what you have in mind? | didn’t intend to 
convey that 1t was my idea that fiber in steel is the result of nonmetallic con 
clusions. It may have something to do with it, but I didn't intend to convey 
the impression that you seem to have. 

MR. THUM: fiber is due to the nonuniform distribution of carbon 
rather than the presence of insoluble oxides such as result from deoxidizing 
operations in the steel furnace or ladle? 

PROF, McINTOSH: Yes, as far as I know. 

So many people confuse segregation as detected by the chemist with the 
segregation which gives fibre. If we had some good way of differentiating 
hetween microsegregation and macrosegregation such as we have in the struc 
ture, it would be good, That is my idea, and it is fairly well founded, that 
fiber is the result of this segregation which could not be detected by chemical 
analysis; it occurs all through the mass as the result of selective freezing, 
rather than the segregation which we detect by chemical analysis. 

MR. ARTHUR GREEN (Philadelphia): Professor McIntosh, do you 
helieve that, giving ourselves over to the belief that fiber is in steel in this 
shape the fiber becomes more developed in the working of that steel? Does 11 
hecome more accentuated ? 

PROF. McINTOSH: It is only by working that. you distort it. For 
example, here you might work down to a ™% inch round, and the fiber on 
cross section of the piece would not be very noticeable. It would merely 
represent little differences like that. But that extreme reduction in elonga- 
tion would mean that longitudinally you would have drawn these chemical 
irregularities out and made them into very long fiber. 





MR. GREEN: Suppose you have done that and put the piece of steel! 
to work, is it natural for the lines to be further accentuated? The reason | 
ask that is that I have been noticing on one of the piston arms that we have 
in the mill, that there has developed a beautiful fiber structure. It is a 
connecting arm between the cog and the piston itself and represents roughly 
about 8 inches of material one way and 3 inches the other. The fibrous 
condition seems to grow, although I have made no measurements. | am won 
dering whether this fibrous condition is one that does accentuate itself. 

PROF. McINTOSH: That is an interesting case. It is one that | 
wouldn’t attempt to answer. I am doing, as I said, a lot of work on fatigue 
and we noticed that steels which were banded with well defined longitudinal 
bands of ferrite, gave a rather poor life. Of course what probably happens 
is that those bands represent material much weaker than the steel as a whole. 
Cold work sets up and goes on, you start a fatigue failure in one of the bands, 
and it progresses across the piece. 
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lt probably 1s a banded steel and has ghost lines, and perhaps there is 
little cold work leading up to failure by fatigue, and a tendency to corrod: 
resulting from the cold work makes the lines visible. 

MR. H. C. KNERR (Philadelphia): | would like to ask whether 
consider that incompletely killed or gassy steel has anything to do 
question of “fiber.” 

PROF. MeINTOSH: I was afraid somebody would get into that field 
and ask about the difference between effervescent steel and killed 
don't really know what it has to do with it. I would like very 
though. 

MR. W. B. CROWE (Pittsburgh): I would like to take the libert, 


of adding some of my experience with fiber to what Prof. McIntosh ha 
already given. 


you 
with thi 


steel, | 
much to. 


| wondered, the first three or four years of my experience, just wha! 
fiber was, and was unable to arrive at any definite conclusions. The term 
fiber appeared to describe two widely differing properties in steel, one repre 
senting flow lines of hot worked steel as revealed by the macro-etch, the 
other a ‘characterization applied to the fracture of very tough steel. | 
take up the latter application of the term to begin with. 

A very tough steel permits a pronounced grain distortion at the point 
of rupture, and the more pronounced this tendency, the greater will become 


the shock resisting properties, assuming the tensile and elastic strength to 
be a constant. 


will 


| have taken specimens from the so-called fibrous steels having 
different treatments. The tensile and elastic properties were practically the 
same, and yet in many cases the fractures showing fine crystalline structure 
had a much higher percentage elongation and reduction than many of the 
specrmens which showed a fibrous fracture. And yet experience has shown 
that the latter stood a much better dynamic test especially under high velocity 
of impact. The property therefore which a fibrous fracture appears to indicate 
is toughness rather than ductility. And this property is the result of the 


had 


combination of correct treatment applied to the correct type of steel. 
That mass increases the difficulty of obtaining fiber I will give an exam 
ple: Two types of steel 3 inches thick were treated to produce a fibrous 


fracture. The specimens were increased in thickness to more than a_ foot. 
One type continued to show as good a fibrous fracture as previously described 
with 3 inch section. The other type persistently refused to develop a fibrous 
fracture. 

These large fractures produced by a 12000 ton press showed much 
different characteristics. The one which was fibrous appeared to tear rather 
than break, and the operation was done so quietly that one would not know 
it had been completed if he were not watching closely; but in the 
other case there is a decided flexure, a sudden crash which may be heard 
nearly a thousand feet away, and a jar which one might think had wrecked 


the press. In both cases the speed of depression of the ram was the same 


So it seems to me that the fiber as revealed by fracture is an entirely 
different property from the fibrous internal structure of the metal, a property 
which is contrasted by composition combined with a definite treatment. 


Regarding fiber as revealed by the macro-etch, I have found that steel 
which had not yet been rolled or forged did not develop a fibrous etch, that 
this tvpe of fiber was an arrangement of sonims into definite flow lines, hav- 
ing the appearance of fiber, these becoming ‘a fixture immovable by heat treat 
ment. It is a question whether such a condition is desirable. 
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FACTORS INFLUENCING MASS HEAT TREATMENT 
By W. B. Crowe 


QO" THE numerous factors, influencing mass heat treatment, the 

majority of them occur before the actual operation of heat treatment 
itself. Mechanical design is an important factor of influence and in a 
vreat measure controls the character of the heat treatment to be em- 
ployed. It may render the process of treating extremely difficult, if not 
unsafe, and may even make satisfactory heat treatment impossible. 
Chere are many cases on record where failures which were at first 
attributed to inferior heat treatment were traced directly to faulty design, 
Since the advent of high ‘test alloy steels into more general use, there 
has been a tendency on the part of designers to over reduce the mass 
of metal in a given component with the result that failure occurs in 
service. It is quite true ‘that one of the prime objections in using the 
higher priced steels is the reduction of weight, yet there are cases where 
due to the nature of the stresses involved, such as torsional and 
bending stresses, a considerable reduction of mass cannot be made 
without introducing serious mechanical faults. Where such is the case 
and section is the controlling factor with reference to amplitude of 
flexure or torsion, the cheaper plain carbon steels with their usual 
physical properties may be used satisfactorily. There are cases, of 
course, where the most highly developed properties attainable are re- 
quired, which naturally introduces the factor of composition as it in- 
Huences the physical properties of large masses undergoing heat treat 
ment, 

Irrespective of the quality of the steel, its fabrication or subsequent 
heat treatment, unless the chemical composition very closely approaches 
the specifications established, the ultimate results will be more or less 
undesirable. <All other fields of investigation in steel are small in com- 
parison with the field of exploration in composition. The cost of evolv- 
ing a new composition involves a very considerable amount of time and 
money. An entire melt is required for each new compositional experi- 
ment, each of which may take a thousand fabrication or heat treating 
experiments with the compositional problem still unsolved. As mass 
dimensions are increased the effect of composition becomes more pro- 
nounced. Specimens of laboratory dimensions may be _ selected Arom 
various types of steel ranging from the simplest to the very complex, 
which, when water quenched may show very similar physical properties. 
lf the mass of these representative steels is very considerably increased, 
the physical properties will be found to have diverged greatly. For 
example, experiments made on 0.55 per cent plain carbon steel, 0.45 per 
cent carbon, chrome vanadium steel, a 0.45 per cent carbon, nickle chrome 
steel, a 0.40 per cent carbon, chrome molybdenum steel anda0.47 per cent 
carbon, nickel chrome molybdenum steel. Specimens one inch in diameter 
were water quenched from experimentally predetermined temperatures. 
\ll specimens showed a sclerosocope hardness of 90 to 95 and with a 
Brinell tensile equivalent between 300,000 and 325,000 pounds per square 


A paper presented at the Pittsburgh Sectional meeting, May 25-27. The author Wallace B 
Crowe, is armor plate metallurgist. Homestead Steel Works, Munhall, Pa. 
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inch. Ground tensile tests were made from several of the specimen 
but the results of check tests showed them to that the 
were of little value. 

Masses ranging from 12 to 13 


be so erratic 


inches in thickness, from one t 
several feet in width and from 5 to 20 feet in length, out of which th: 
previous specimens had been obtained, were water quenched from tem 
pertaures which were determined as the result of much previous experi 
mentation. ‘lest coupons were then broken from these large specimens 
presenting a fracture about 14 times the thickness of the piece from 
its end, and practically the same or a greater distance from the edge 
The fractures presented a vastly different appearance when compared, a 
might be expected. ‘These may be classified as follows: 

Type of Steel 


Plain 


Appearance of Fracture 
granular near 
coarsening to 
near center. 
Porcelainic appearance 3 to 4 inches 

from surfaces. 
Semi-porcelainic internal appearance 
Similar to plain carbon steel although 
somewhat coarser. 


Carbon surface 


medium 


Fine gradually 
fine grain 
Nickel-Chromium 
Chromium-Vanadium 
Nickel-Chromium- Molybdenum 
Chromium- Molybdenum 


Further examination revealed that those steels showing porcelain 
or semi-porcelainic fractures were untoolable at any location, the tool 
able limits of these steels having been equivalent to 70-72 scleroscope 
The plain carbon steel and the chrome molybdenum steels were each 
toolable at any location, the latter being the more so ‘The most im 
portant characteristic observed was, that the plain carbon steel showed 
a greater falling off in hardness between the surface and ‘the cente 
than did the chrome molybdenum steel, the former showing a Brinell 
tensile equivalent of 180,000 to 120,000 pounds per square inch, while 
the latter showed 140,000 to 130,000 pounds per square inch. 


The chrome molybdenum steel showing unusually low hardening 
properties.in mass for an 820 degree Cent. quench was investigated 
more exhaustively. Two more large specimens were quenched from 87/5 
to 1050 degrees Cent. respectively, the first having been quenched from 
$20 degrees Cent. The three sets of fractures were so similar as to be 
indistinguishable. Hollow-drill tests were drilled with ease through the 
thickness of each, and were Brinelled each inch of length of test bar, 
showing a variation of not greater than 15,000 pounds per square inch. 
Tensile bars were drilled longitudinally, parallel with and four inches 
from the surfaces. The results were surprisingly close, the tensile 
strength, the elastic limit and elongation varying no more than 2™% per 
cent and checking the previous Brinell tests. The actual tensile strength 
ranged from 133,500 to 137,000 pounds per square inch. Specimens 
taken from near the axes of the masses, and examined under the 
microscope, revealed that the masses which had the deepest chill 
showed the finest microstructure, after a drawback heat ‘treatment. 

The point which these experiments emphasize is that little relation 
exists between the physical properties of small and large masses, and 
that the heat treatment suitable for small specimens cannot be depended 
upon as a criterion for the proper treatment of large masses, except 
in a general way. 

The large specimens above described were subsequently drawn back 
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t certain temperatures to produce approximately 20 per cent elongation 
n 2 inches and pulling tests were then made. The results of these 
ests showed that the outside-inside differential had practically been 
educed to nil, and that the physical properties descended in about the 
ame order as their respective chill depths, there being a great difference 
etween the extremities of the scale. Specimens from the same types 
if steel were then subjected to air treatment, being air cooled from 
bove AC3, and it was again found that those types which were sus 
ceptible to deep chill were untoolable, while those which had little or no 
chill after the water quench, were machineable. The untoolable spect 
mens were drawn back to obtain approximately 20 per cent elongation 
in 2 inches, and their physical properties were far superior to those of 
the non-deep-chill type having had a water quench and a draw. ‘There 
lore, it may be necessary, in order to meet certain physical requirements, 
to employ those types of steel which are more susceptible to hardening. 
\\Vhere the mass is of such a shape as to render water quenching a 
hazard on the lower types of steel, the operation may be rendered far 
more safe by using the higher type steels with a less drastic quenching, 
and at the same time obtain superior physical properties. 

The influence of sonims has an important bearing on the subject. 
lt is the writer’s opinion that the evil influence of sonims has been over 
estimated without due consideration of the nature and extent of ‘the 
same. It has been his experience to examine microscopically steels 
which had shown excellent service tests, and which revealed considerable 
quantities of sonims. Previous to 'these examinations the writer had 
been very much opposed to such a condition but these service tests 
revealed the fact that sonims are not as detrimental as we have believed 
Numerous specimens have been examined which have failed in service 
and which were practically free from sonims and would clearly come 
under the classification of clean steel. The presence of sonims there 
lore could not have been the cause of failure. In reviewing these 
investigations of sonims, the writer believes that the nature of their 
distribution is the important phase of the subject. Where the foreign 
matter is uniformly distributed in tiny particles and there is no con 
tinuety of arrangement, it has been found that the steel will usually 
pass normal requirements, but where the foreign matter occurs in 
igglomerations which would cause definite laminations and these 
irranged in a line of continuety, even though a large percentage of the 
steel appears to be clean, ordinarily a component made of such a steel 
could not undergo severe treatment without serious developments. 


Where a highly specialized product is to be forged or rolled, and 
later heat treated to obtain extremely high hardness values, such as 
100 to 125 sclerosocope, the steel should approach the highest degree o} 
freedom from sonims and blowholes. Such defects may cause the 
rejection of the entire heat for the purpose intended. 

Hot top iron molds, having a section of 2 to 2% times that of the 
ingot and preheated between 300 and 400 degrees Cent., will further 
improve steels susceptible to cracking. 

Blowholes in nonwelding steels are quite similar to sonims in their 
effect on heat treatment, and after forging or rolling are almost indis 
tinguishable from them even with the aid of the microscope. Where 
such conditions are known to exist the greatest care Is necessary in 
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the heat treating operation. especially if the requirements demand 


water quench. ‘This js especially true where the sonims exist jj 
laminations after rolling or forging, Laminations interfere with th 
unitorm conduction of heat through the steel, which during the Stag 
Of rapid cooling is a very rtmportant consideration. High local Strain 


are consequently set up in that region of the mass least able to with 
stand those strains, and where allowed to cool too slowly, May result 
in the immediate rupture of the piece. Where Strength and toughness 
are required, a mild quench slightly below color may often save th, 
piece and produce Surprisingly good results. In such a case, however 
an oil quench would be preterable with less internal strain being set 
up due to retarded cooling. Where the oil quench is not availablk 
recourse may be had to the hot water quench, the steam performing thy 
two-fold function of heating and agitating the water. 

The points discussed cover a large number of the heat treate 
problems, for if the designing engineer has given due consideration to 
the heat treating problems. the proper composition has been selected 
the steel well made and the fabrication properly executed with reference 
to the preheating temperature, the temperature at Which it was worked. 
aud the temperature to which it was cooled, the heat treater will find 
his worries very much reduced. 

Assuming that the heat treating appliances are suitable, the heat 
treating problem resolves itself into two phases, the treatment of steels 
responsive to simple though perhaps drastic treatment, and the treat 
ment of steel reauiring mild complex treatment. In the Majority ot} 
cases there will he a combination of these two conditions with the 
former predominating and where there is a similarity of the product 
and a large number to be treated, the modus Operandi will be largely 
governed by the results of the first several trials. If the percentage 
of acceptance is high, it would be the best policy to pursue this method 
of treatment, resorting to a more complex treatment on that portion of 
the product which failed to pass test. If, on the other hand, only a 
small percentage passed the test on the simple, drastic treatment, it 
would be advisable to swing the treatment entirely to the more complex, 
until such a time as it might be deemed advisable to repeat the more 
rapid, drastic treatment with the purpose of obtaining high percentage 
acceptance on first treatment. Experience has shown that where 
possible, it is advisable to maintain a uniform, standard treatment. 
thereby being better able to operate on schedules which may have to 
be worked up to, several days in advance. By doing this, shop compli 
cations and much loss of time may be avoided. 


The influence of mass on heating has heen pretty thoroughly dis 
cussed during the last few years, and therefore an involved discourse 
on the subject will not be entered into at this time, but In passing it 
may be noted that there has been a tendency to underestimate rather 
than overestimate the importance of the duration of heating time to 
obtain complete saturation. Complete saturation is one of the most 
essential requisites toward good heat treating, and prolonged soaking 
is far preferable to incomplete saturation. A good empirical rule that 
has been found to be quite satisfactory, where the mass has a length 
and width several times that of the thickness, is to allow | hour per 
inch of thickness for heating to the desired temperature, and 2/3 of 
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n hour per inch, for saturation. Where the mass is a green casting 
cooled to atmospheric temperature, internal strains may exist of such 
magnitude that great care should be exercised in heating the first 200 
1 300 degrees Cent. The character of heating should approach that 
of saturating to relieve internal strains and get the metal beyond the 
extremely brittle stage. Masses forged or rolled, while they may have 
as great or greater internal strains than castings, the better able to 
withstand those strains, owing to the mechanical refining already ob 
tained, and the rate of heating may be somewhat more accelerated in 
the early stages. Shop or mill practice generally permits a rolled or 
forged mass to be charged for treatment before it has cooled down to 
the brittle range, in which case the early heating may be forced some 
what, with safety. Where the section is isometric and the length 1s 
several times that of the diameter the period of heating and saturating 
is about '> the time above described for oblong cross sections. Where 
the 3 axes are practically equal, the time of ‘heating and saturating ts 
iwain reduced about one half. These rules are not strictly according 
to formula, but have been found by experience to be a safe general 
euide. 

\While the lag in heating is practically the same as the lag in cooling, 
the effect of lag in ‘heating is to a great extent taken care of by the 
duration of saturation. The lag which occurs during accelerated cooling 
cannot possibly have any compensating influence corresponding to soak 
ing in heating, and-it is in this respect that the influence of mass im 
cooling presents a far greater problem than does the influence of mass 


in heating. It is for this reason that, where this lag may interfere 


with the internal physical properties demanded, the greatest judgment 
should be used in the selection of the composition least susceptible to 
the influence in this lag. 


The effects of this lag, however, may be some 
what overcome by increasing the temperature over AC3 with the increase 
of mass. The lag then takes place above the critical range so that in 
passing through the critical range the steepness of the thermal gradient 
of the center of mass has somewhat approached that of the exterior of 
ihe mass. This is done at the expense of the grain size, but the 
physical properties of the mass as a whole are superior to those where 
the mass is treated at the theoretically correct temperature. 

Where the physical properties fail to satisfy after a quench, and 
drawback, and the cause appears to be a lack of grain refinement, 
recourse may be necessary to what has been termed a stepping-down 
treatment. Where the grain size is very large it will be found that the 
grain refinement will require an unreasonably prolonged soaking if the 
temperature is only slightly above ACS. It will also be found that if 
the temperature is raised 100 to 125 degrees Cent., the grain size tempera- 
ture characteristic will be obtained quite rapidly. The grain size will 
be found to be much smaller than originally, but perhaps coarser than 
desired. If this is the case one or more intermediate treatments may 
be employed. The increased rate of change of grain size with the 
temperature is probably analogous to the cementation process in which 
the rate of diffusion of the carbides is much accelerated by an increase 
of temperature over AC3. The mass may be quenched after the various 
‘teps of heating if the material can stand it, but the 
is to quench only the last 1 or 2 steps. 


Masses of irregular section which tend to develop quenching cracks 


general- practice 
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in the thinner sections, present a problem which requires much 


stud) 
and experience. 


It is often necessary to retard the rapid cooling of the 


thinner section by the application of some insulating material, such 


as 
sheet 


asbestos, sodium silicate and asbestos compounds or even ordinary 
yellow clay with wire reinforcements, or any material which will mor: 
equalize the rate ot cooling and reduce the local strains. The mass 
generally cooled in the bath to a point, where when removed, th: 
mternal heat will reheat the surface to 125 to 350 degrees Cent., depending 


on the final hardness required. The mass is then ready for whatever 
drawback experimentation is desired. 


Is 


It has been the purpose of this paper to point out some of the 
contributary causes of failure which should not be chargeable to poo: 
heat treating, and to touch on some of the difficult points in the heat 
treatment of large masses. The writer appreciates that there is a grow 
ing co-operation between the designing engineer, the steel manufacture: 
and the heat treating engineer, and feels that the Amrican Society for 
Steel Treating and other engineering societies deserve their share ot 
credit in working toward this end. 


Discussion of Mr. Crowe’s Paper 


MR. GREEN (Philadelphia): The speaker made reference to quench 
ing in hot water if oil was not available. What was the temperature of th 
hot water? 

MR. CROWE: Approximately the boiling point. We have tried it 
at different temperatures. It is only a question of a short time before the 
water is heated to one hundred degrees. I don’t believe it will produce as 
good results as oil but if you don’t have oil it is far better. 

MR. GREEN: The particular reason | asked that is that I had 
experience sometime ago in going into a shop where they 
in cold water, and found considerable quantities of their material cracking 
Then they changed to hot water, at 110 degrees, and the material seemed to 
have greater depth of hardness than when quenched in cold water. That 
was two years ago, Well, the other day, or quite recently, | was at that 
plant again and I asked them whether they were using warm water an:! 
they said yes, that they would not go back to cold water. 

MR. CROWE: Of course it is difficult to maintain the temperature 
of the water constant. I am thinking of masses of twenty, thirty, forty o1 


ene hundred thousand pounds. That is what most of them do not have 
experience with. 


al 
were quenching 


| experimented with various temperatures, beginning with iced brine 
and every twenty degrees above up to the boiling point I found there was a 
tendency to get soft spots when immersed in water near the boiling point, as 
shown with the scleroscope and microscope. 

MR. I. E. WALTON (Pittsburgh): I would like to ask Mr. Green 
whether he has tried cold water in comparison with hot. 

MR. GREEN: This was an plates that had to be uniformly hard, and 
the hardness was more uniform when quenched in 110 temperature bath 
than when quenched in baths at temperatures around forty or fifty degrees 
Fahrenheit. 

MR. CROWE: Well I found there was little difference between ice 
brine, and up to 60 degrees Cent. But as you get up toward the boiling point 


there was a greater tendency to develop soft spots, which may be quite serious 
and might spoil the mass. 
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MR. MORGAN (Pittsburgh): In your experience of the treatment of 
large masses, have you run into any instances where the shrinkage stresses 
developed and caused fractures, complete failures, or shattering of the steel? 


MR. CROWE: Yes sir, that is almost the biggest problem we have 
and that is the point [ brought out with reference to protections to more 
nearly equalize the rate of cooling. A large part of my experience has 


heen with spraying, which is probably the most rapid cooling method knowr 
and unless due regard is taken in protecting portions cooling most rapidly, 
they will be cool long before the balance may be cooled down to loss of color, 
with the possibility of the coldest portion heing ruptured. A careful study 
must be made of the balancing effect of protections. 


DISCUSSION OF PITTSBURGH SECTIONAL MEETING PAPERS 


K' YUR of the six papers which were presented at the Pittsburgh Sectional 

Meeting held May 25-27 at the Bureau of Mines, Pittsburgh, Pa., were 
published in the May issue of TRANSACTIONS. ‘The purpose of preprinting 
papers which are presented at either the annual convention or the sectional 
ineetings 1s for the purpose of stimulating discussion, as it is realized that 
a large amount of valuable information is brought out through a well or- 
ganized discussion. In order that members may have the opportunity of 
receiving papers before they are presented the policy has been adopted of 
publishing as many meeting papers as it is possible, prior to their presenta- 
tion. This policy was in force at the time of the New York Sectional Meet- 
ing and as a result a large amount of splendid discussion followed the papers 
presented. The same is equally true of the discussion which followed the 
presentation of the Pittsburgh papers. 

The discussions of Prof. F. F. McIntosh’s paper entitled “Fiber in Iron 
ind Steel” is appended to his paper which appears in this issue of TRANS- 
\cTIONS. Likewise the discussion of W. B. Crowe's paper entitled “Factors 
Influencing Mass Heat Treatment” is published in this issue of ‘TRANSACTIONS 
with its discussion appended. 

The discussions which follow are in the order of their presentation 
at the meeting. Each of these papers may be found in the May issue of 
RANSACTIONS. The titles of the papers which are discussed in the following 
pages are: 

“A Discussion of Impact Testing Methods and the Results Obtained.” 
hy John M. Lessells. 

“The Abrasive Qualities of Plain Carbon and Alloy Steels.”—by A. M. 
Cox. 

“The Importance of the Proper Heating and Cooling of Steel.”’—by John 
\. Succop. 

“The Change in Dimensions of High Speed Steels in Heat Treatment.”— 
by Mareus A. Grossmann. 
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Discussion of Mr. Lessells’ Paper 


MR. EK. Kk. THOM (New York): <A great many of us will not disagre: 
that impact testing will become of considerable importance, if it is not 
already so, but there are yet some who fail to see that the impact test indi 
cates infallibly variations in quality of the metal. In other words, many 
American metallurgists will decline to admit that the impact test is compete 
and reliable. Does the impact test do anything that can be depended upon 
Are the variations which it shows due to actual variations in the metal, o: 
to variations in the action of the testing machine or to a combination o| 
both? Mr. Lessells has just shown a curve indicating impact strength of a 
certain steel after various heat treatments. That curve showed a _ peculia: 
drop at a certain temperature range, corresponding to “notched brittleness.” | 
notched brittleness anything, and if it is something, what is it? 

There is a general tendency in the art of testing materials to get away 
from “omnibus” tests in favor of tests which determine one particula: 
property. In other words, we seldom take a particular casting or forging 
and bend it under a hydraulic press, and observe its action. We would 
much rather have test bars cast from such a fabricated piece and pull them 
apart in a testing machine. In consequence, when testing the strength of 
rivets, we seldom rivet up a joint and pull it apart. We depend rather on 
getting our information as to quality from simple shear or tension specimetis, 
and then try to translate those results into what we may fairly expect of the 
performance of a riveted ‘joint. It seems to me that the impact test is a 
reversion to the omnibus test, since no one is quite sure of the nature of 
the resulting action when a notched piece of metal is given an overpowering 
blow, causing it to break if an infinitesimal time. 

Furthermore, there is yet no general agreement as to the proper way to 
make the test. The Frenchmen will tell us how good the Charpy test is, 
and the Englishman will tell us how good the Izod test is. Some American 
metallurgists are free to tell you how bad they both are! Apparently a great 
need is accurate information, or wider publication of such information as 
exists, on how closely a well designed impact machine can reproduce results 
on material which we are sure is quite uniform by knowing the details of its 
inanufacture and by exhaustive testing in other ways; and on the other hand, 
how the same test works on material which is known to be non-uniform. 
Suppose, for instance, that we have a considerable volume of most excellent, 
uniform metal, and we test this metal in various directions by various ma- 
chines. Now if the curves which one might draw against any particular 
property of this metal plotted as a straight line, or nearly so, and the impact 
results, (when made by several accepted machines) would parallel each other, 
and would do so, not once but every time, then the objectors would have to ad- 
mit that the impact test as perfored in the correct way is a good test. If, 
however, the impact curves would not parallel, but would cross each other 
and wander around at random, then it would seem to me that it is up to 
the proponents of impact testing to explain why these various methods do 
not agree among themselves. It might even be that one steel would be 
passed if tested by a certain machine in impact, while another impact machine 
would reject that same steel. 

[ have in mind some results which have been recently published by the 
Joint Committee on the influence of sulphur and phosphorus in steel. This 
committee was appointed by the American Society for Testing Materials, 
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id contains representatives of various steel-m 


aking and steel-using organiza- 
ons. It was convened 


primarily to discover whether war time limits of 
ulphur and phosphorus could be safely retained. 
Their first report covers the effect of 


sulphur in rivet steel. l‘ourteen 
heats of steel were made. 


under close observation, by the Carnegie Steel Com- 
pany, in a 75-ton basic open-hearth furnace. The composition of the steel 
was held quite constant except for sulphur, which 
from 0.02 per cent to O.18 per cent. 

iid 1000 chemical analyses were made, 


varied in each one, ranging 

Altogether over 5000 physical tests 
and in general the evidence is that 
was uniform and first-class in 
steels were sent to the Investigators in the 
ich rivet bars and one-inch slabs. They 
iter an anneal at 940 degrees Cent. for half an hour (cooled in the fur- 
ace) and thirdly, after a quench from the same heat. 
ie Watertown Arsenal and at the Annapolis Naval | 
Stauton. 


ie material as received from the mil] 


every 
espect. ‘These 


form of one 
Were tested as they were received. 


Tests were made at 
‘ngineering [Experiment 


In general the reports from the two diffe 
vell. The ordinary tensile test showed that 
ln other words, when plotting tensile strength, yield point, elongation, ete., 
against sulphur content, the curves were practically horizontal, and 
eats varied but little from the median line. 
iipact test, the material was shown to be extremely good, and it undoubtedly 

as uniform. As before mentioned, these physical tests all showed that sul 
pliur had practically no influence within the limits of 2 points and 18 points. 

Now let us look at the impact figures, and see whether they agree among 
hemselves, or agree with the fact that chemical analyses and other physical 
ests lead us to believe that we are working on uniform metal—that 
netal as uniform as we can reasonably expect tonnage material to | 
resent time. 


rent laboratories agreed quite 
sulphur had very little influence. 


individual 
From all tests other than the 


is, 
e at the 


hig. 1 shows impact tests on the bars as received. The Izod test shows 
out to a little beyond 6 points the impact strength is 115 foot pounds 
'r better, but with increase of sulphur to 0.18 per cent it lowers to 80 foot 
ounds. In other words, there is apparently a sharp reduction in Izod impact 
sulphur goes beyond 6 points. The Charpy test on the same bars shows 
ractically the same thing. It should be noted that each point on these 
represent the average of 16 tests made by quite 
lowever, there is a third curve showing the properties as determined at An- 
apolis by a method called “impact shear” where an unnotched rectangular bar 
broken. Eight tests were made on each heat. The point is clearly brought 
out by these curves that impact shear is 40 foot pounds for low sulphur, and 
remains at that figure despite increasing sulphur. 
Fig. 2 shows impact tests on rivet bars after annealing at 940 degrees 
ent. Note again that the impact shear curve is practically horizontal and 
ts not been lowered very much. Also note that the Izod values, which be- 
ore annealing were up beyond 110 foot pounds dropped off to about 35 
‘vot pounds. Now we don’t ordinarily expect a short anneal, at a moderate 
‘emnperature, to cause a great deal of brittleness. and yet here 
‘ supposed to give a definite measure of toughness, 
crease in brittleness after a heat treatment which sho 
‘ot only is the Izod impact down 50 or 
ire down 80 per cent. 


al 


curves 
competent investigators. 


' 


is a test, which 
showing a tremendous 
uld ordinarily toughen. 
60 per cent, but the Charpy values 
Also note that the Charpy curve is now practic 
orizontal. Furthermore, note how erratic the Izod tests have 


ally 
become. They 
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do not seem to parallel variations shown in either of the other curves. |] 
pecially heat T runs up to about 66 foot pounds for no apparent reas 

















Furthermore, at heat J, the Izod curve has a peak and the Charpy curve | r 
a slight valley. Thus the correspondence of these curves is very poor. ' 
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Fig. 1—Impact tests made by Charpy and Izod machines on bars as received. 


Fig. 3 shows the rivet bars after quenching from 940 degrees Cent 1 


This heat treatment actually raises the impact value—it is rather a new idea .¢ 
that quenching increases toughness! ‘The Izod results again are errati © 
there is a pronounced dropping oft, mowewet, at 6 points of sulphur, as wa: L¢ 


*° Heat Letters 
DP 


M 









AF HG 






| Watertown Arsenal Tests 
Naval Experiment Sta. Tests: * 

‘| Fach Point Plotted Represents — 
the pe of 8 Tests, 


Foot - Pounds 





0.06 0.07 0.08 0.09 017 0.18 


Sulfur, per cent. 





0.05 
Fig. 2—Impact tests on Rivet bars after annealing. 


noted in the bars as received. Impact shear for the third time is horizontal 
Charpy results drop off with increasing sulphur. Altogether there is vei 
little parallelism in the curves. 

Fig. 4 shows the same steel rolled to slabs one inch thick. From thes 
slabs impact specimens were cut from edge to edge. In one case the hamm 
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wung parallel to the edge of the slab, and in the other case perpendicular to 
he flat surface of the slab. However, in both cases the specimen was 
roken parallel to the “grain” rather than across the “grain.” In other words, 
ou can hit against either surface of an impact bar cut across a flat slab, but 
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Fig. 3—I!mpact tests on Rivet bars after quenching from 940 degrees ( 


il any case you will be breaking the specimen with the fibers. Now it would 




























































seem that the values in these two cases should-be fairly close. In any 
tik event if one particular heat shows high impact in one direction in the Izod 
wa test, it should also show high impact in the same direction in the Charpy test. 
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Fig. 4—Impact tests on Rivet steel rolled into slabs 1 inch thick 
ntal \s a.matter of fact, the impact shear curves cross each other several times, 
vel vhereas the Charpy curves drop off slightly with increasing sulphur, but they 
re very much more nearly parallel—that is to say, the peaks of the two curves 
the orrespond, and the valleys to the valleys. 
nmi Fig. 5 shows the tests made on the slabs after annealing 30 minutes at 
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940 degrees Cent., and cooling in the furnace. Comparison with Fig. 4 \ 
show that the Charpy results have again been very materially lowered, wher: 
as the impact shear is practically the same. As before the curves cross ea 
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Fig. 5--Impact tests on slabs after annealing 30 minutes at 940 degrees Cent. 
other somewhat at random, showing that there is very little correspondenc 
whatever it is that is shown by these two impact tests. 


Fig. 6 shows the results on testing slabs after they have been quenche 
The results are extremely confused. 
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Fig. 6—Impact tests on slabs after quenching. 


Table I shows.some numerical values which have been scaled as well 4 


could be done from the figures, after sketching in a median line which seeme: 
to fit the observed facts. In general the table shows what has been saic 
before, namely, that impact shear seems to be independent of sulphur an: 


fiber in the bar as received. To a certain extent impact shear is also ind 
pendent of heat treatment; a variation of only a few foot pounds its ob 
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rved after annealing or quenching. Izod tests were made only on the 
vet bars, but you can observe a tremendous drop after annealing, a loss 
vhich was more than recovered after quenching. Question marks on the fig- 
res mean that the curves are so very jagged that one can estimate what 
e figure is no closer than four or five units. A most peculiar thing about 
e Charpy test is that if you break a slab after quenching it is stronger 
erpendicular ‘to the rolling than parallel to the rolling. After annealing the 
elation 1s reversed. 

Altogether the results of this very extended and extremely remarkable 
vestigation indicate to my mind that the proponents of the impact test 


TABLE I—IMPACT TESTS 





1-In. Rivet Bar; 5¥44 x 1-In. Flats, Broken With the Fiber 
Broken Across Impact Parallel Impact Perpendicular 
the Fiber to Rolling to Rolling 
\s received 0.038 0.06S 0.10S 0.03S 0.06S 0.10S 0.03S 0.06S 0.108 
Izod 117 114 103 ; é rat ae 
Charpy. 54 53 40 26 22 6 18 16 13 
Impact shear. 40 39 38 40 39 38 39 38 36 
\nnealed at 940 deg. C. 
Izod. . 5: ata ele sa 2 40(?) ' a 
Charpy. Coe 8.5 11 10 12 11 10 15 14 12 
Impact shear 38 38 37 42 40 38 40 38 36 
Quenched from 940 deg. C. 
Izod a 112(?) 112(?) 90(?) , Te me 
Charpy. ; 62 54 43 40(?) 27(?) 17(?) 40(?) 27(?) 17(?) 
Impact shear 50 4 41 50 46 41 47 45 42 





vill have to talk less about the curves they can draw by plotting impact re- 
sults against any of the other chemical or physcial properties, and really tell 
is what happens when they hit a piece of nicked or umnicked metal an over- 
owering blow. 

MR. J. J. SHUMAN (Pittsburgh): On this last slide (showing 
\lr. Thum’s tabulation of rivet steels with varying sulphurs) I call attention 

the figures for the Charpy test. I believe the Charpy impact method is 
| measure of the energy absorbed in cutting through the piece. If so these 
hgures show clearly a comparison of a free-cutting metal with a metal that is 
ot free-cutting. 

You all know without my telling you that sulphur is purposely added in 
‘eel in order to impart a free-cutting nature. Accordingly any one in 
studying the tests that have been published by the committee on phosphorus- 
ulphur investigation, should bear in mind in comparing the Charpy results 
that they have developed the measure of free-cutting in the metal. 

Observe the difference therefore that is caused by the addition of sul- 
phur up to 0.06 or 0.08 per cent and note that it demonstrates clearly the 
alue of screw stock, from the free-cutting or machining standpoint. 

MR. LESSELLS: I think that if Mr. Lynch is here he will bear me 
ut in what I am about to say. I very imperfectly tried to put before 
‘ou on the second last slide, something from ©. Lasche’s publication show- 
ng that the speed of impact has got something to do with the results. I will 
‘ay that it may be logical to compare the results of the Charpy and Izod but 

is absolutely illogical to compare impact shear and any of these tests 
especially on low carbon material. 
It has been demonstrated by Hadfield, and I think it is going to be 
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brought out by Mr. Lynch, that speed of fracture for impact is very 
portant.. Therefore if we are talking about any particular value that we 
from an impact test, let us restrict ourselves to one particular machine. 

With regard to the other question of notch brittleness, while 1 may 
that notch brittle material may not be barred, if I could have two mater; 
with the same elastic limit, | would prefer the material in constructional w. 
which gives the high impact value—whether Izod or Charpy. 

CHAIRMAN JOHNSON: Are there further questions on this pap 

MR. C. FE. MARGERUM (Charleston, W. Va.): I would like to as}, 
what extent Mr. Lessells’ tests indicate the effect of impact; that is, to w 
extent and in what direction the results are influenced by the fact that 
load is imposed on the bar by means of the momentum of a ram, rat 
than by a mechanism which acts more slowly. I would like to know whet! 
Mr. Lessells has found that the amount of energy required to break the | 
was smaller when they were broken by impact than when the load was 
plied more gradually, or whether the reverse was true, or whether the 
sults given represent the properties of notched bars irrespective of the met! 
of applying the power. 

In all the published results which have come to my attention in which 
amounts of energy required to break notched bars by impact are compa: 
with the amounts required to accomplish the same results by slow action, 
has been found that with the single exception of bars of very coarse grain 
extra soft steel, more energy is required to break a notched bar by impa 
ng by slow action. Do the tests under discussion confirm this BP vetior 

- have exceptions appe: ared ? 

[f more energy is required when the piece is broken by impact than 
it is broken by slow action is not this contrary to the popular conception | 
the purpose of the impact test? I believe that the general impression is that 
impact tests measure brittleness under impact, that is, a deficiency of strengt! 
under impact as compared to strength under dead loads; but if in all 
but one the resistance to rupture by impact is greater than the resistance 
standing loads, is it not- likely to be misleading to refer to tests of thi 
kind as impact tests? 

MR. LESSELLS: I admit the error. It should be notched bar tes 
really instead of impact. 

Supposing you arrange bars small enough to get measures of the energ 

bend them, then I am quite sure that would not be indicative or hav 
any relation. to the value you would have by actually notching the pieces. You 
carr look upon a notch as a factor of safety. But as I have tried to indicat 
here, that impact and reduction of area has, or appears to have, a certat 
relation, then I think we could accept that a material which gives a high« 
[Izod value is going to stand shock in service better than a material which 
gives a low Izod value. I don't know whether that.covers the questio 
or not. 

MR. MARGERUM: I would like to inquire as to the appearance 0! 
the fractures. In a large number of tests made by Messrs. Charpy and 
Cornu-Thenard, in which many types of steel were tested, the appearanc: 
of the fractures, and the deformations of the bars were the same whethe 
the pieces had been broken by impact or by slow action, except in the case 
the very coarse grained extra soft steel, which was unique both in that les- 
energy was required to break it, and in that the bars broke with a crystalli 

fracture and slight deformation of the metal bordering: on the notch, wh 
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oken by impact, while similar bars, broken by slow action took more, en 
oy, Showed a fibrous fracture, and were much bent and deformed before 
ey broke. It would be interesting to know whether Mr. Lessells’ bars be- 
ied in a similar manner. If this is true in all cases, impact brittle material 
iv be detected with certainty by a simple hammer test and the so-called 1m- 
ict test is superfluous except as a convenient method of measuring notched 
properties. 

MR. LESSELLS: I didn’t know whether [ made that point clear or 

| showed no photograph of a notch-brittle material. , 

MR. MARGERUM: Did yeu find that the properties of any of these 
mples were different when broken by impact from what they were when 
oken by slow action? 

MR. LESSELLS: Oh yes, the rapidity of fracture has a lot to do with 
but as long as you keep the speed the same, as long as you keep that 
triable the same, your ground of comparison is sound. 

Supposing, for the sake of argument, we are fracturing at the rate of 
venty feet a second; as long as we keep twenty feet a second constan‘, 1 
quite a sound basis to compare. But the point that I indicated before 
vas, unless that velocity is a given amount, it doesn’t show up all these 
haracteristics. So the thing I am trying to guard against is, if we are going 
develop impact testing, let us have speed enough so that we will have all 
hese variables cut out. 

act MR. C. B. DICKSEE (Pittsburgh): The British Air Board during 
1o1 he war issued several pamphlets on this subject inasmuch as they were con- 
fronted with considerable difficulty in reproducing tests when specimens were 
made rapidly and in quantities. ‘The variations in the notch, particularly the 
radius at the bottom of the notch, had a great bearing on the results ob- 







ha ; ained. | also notice from Mr. Lessells’ photographs that the depth of 
gt iq i¢ notch was not uniform. In some cases | would say that the depth was 
LS 30 per cent greater than in others. 

MR. LESSELLS: The depth of the notches appeared on the photo- 
tl rraphs that way, but at the works we can reproduce these depths of notches 

ery accurately. You can’t judge by the photographs. You see them at 

tes lifferent angles and that masks the depth of the notches. 

| think, however, that that is quite an important point. If we are going 
re introduce a dynamic test of this nature we must insure that -we get 
lav . nd reproduce accurate notches. I think it can be done commercially with 
You | this proviso, that a proper cutter is used. It can be done— we do it. 
cate : MR. DICKSEE: Are not the different results obtained due to different 
‘tal . ivpes of notches. 
rhe MR. LESSELLS: That is why I say it is not fair to compare Charpy 
hicl ind Izod. If we are going to talk Charpy, let’s talk Charpy, and if we are 
stiol going to talk Izod, all right; but don’t let’s compare these values with shear 

alues. 

e ol MR. KNERR (Philadelphia): Can you give us any information as 
an io the behavior of low impact materials in service? That is. what does low 
ane npact really signify in practice? 
ther MR. LESSELLS: There again I can’t say very much on that. You 
se ot e this form of testing was brought on by the war conditions more or 
les less. It has been developed under war conditions and naturally under such 
- e had not all the facilities for examining what happened to materials, 
vh ; 


it [ would imagine that since an impact value is a measure of the grain 
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formation in materials, the one with the high Izod value is going to st: 
up longer in service than the one with the lower Izod value, all other thi: 
being equal. 

MR. T. D. LYNCH (Pittsburgh): There is to be a symposiuum 
impact testing of materials at the convention of the American Society 
Testing Materials which meets at Atlantic City June 27th to 30th inclusi 
lhe subject will be discussed under five headings, namely : 

1. Resume of impact testing of materials and bibliography. 

2. Machines and test specimens used in impact testing. 

3. Standardization of machines and specimens for notched bar imp 
tests of metals. 

4. Measurement of impact. 

5. The significance of the impact test and its relation to other t 
ef materials. 

This last sub-division will be discussed by Dr. F. C. Langenberg, Wate: 
town Arsenal, who has given as much or more study to this subject as a 
one else. One entire session of the convention will be devoted to the subj: 
of impact testing. 

Referring to the slides that Mr. Thum put on the screen and which wa 
commented on by several of the men present, | would like to point out 0: 
thing in connection with the chemistry of the steel referred to, coveri 
the report of the joint committee on phosphorus and sulphur in steel.  -\|| 
of the steel so far tested is very low in phosphorus, under 0.02 per cent 
and the discussion brought out here, should not be permitted to confuse ow 
minds with a high phosphorus steel that may be high or low in sulphur. \\: 
have found from some personal tests which we have made, that stee! 
known as open-hearth automatic screw stock, having low phosphorus but 
high sulphur, gives us very good results on tests such as have been mac i 
by the phosphorus and sulphur committee, but where we have high sulphu 4 
together with high phosphorus we would expect a brittle mater ial. Ther 
are sO many complications in steel that it would be unfortunate if the repor' ) 
of the committee on phosphorus and sulphur in steel were construed to mean ia 
that high sulphur did not affect steel of any quality. ; 

MR. ALLEN (Springfield): Iam sorry Mr. Lessells did not make mor 
mention in his paper of the Stanton test as it is one in which we plac 
considerable confidence. Assuming that the design is reasonably correct 1 
is seldom that a piece snaps off short in service under impact test condi 
tions, but, unless extreme watchfulness is exercised, failures will occasionall\ 
occur by fatigue either through faulty material or heat treatment. The Stan 
ton, with its small impact blow repeated many times, alternately stressing 
the fibres in tension and compression, approximates more nearly actual operat 
ing conditions and hence the results obtained are a truer criterion of thi 
ability of the material to resist fatigue and thereby stand up in service. 


j 


Where life tests can be made on finished parts, road springs for in 
stance, we have found that the Stanton parallels the actual life results mor: 
closely than any other type of test we have tried up to the present time. 


The machine is rather unique in that results can be duplicated with con 
siderable accuracy which is not the case with most impact tests and _ the 
conditions of test can be easily varied as the height of the hammer dro) 
can be altered to produce any stress desired. The Stanton machine, althoug! 
of English origin, is now being duplicated in a somewhat modified form 
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one or two of the American testing machine manufacturers; the test is 
ell worthy of more consideration than is being given to it at present. 
MR. LESSELLS: It might interest Mr. Allen to know that the West- 
vhouse Company intend to develop this form of test—this Stanton test. 
\e also believe that it is indicative of the capabilities of the material to 
tand fatigue, and as I indicated very briefly, the fractures of a Stanton 
ow all the characteristics of a fatigue fracture. 

MR.W. J. MERTEN (Pittsburgh): In looking over the diagrammatic 
art of Mr. Lessells, it seems to me it is very evident, since the Izod test 
oes follow the reduction of the area curve, very closely, we should expect 
om an Izod test of high value a great deal of ductility of material, and it 
eems also to indicate high resilience. 

| would like to point out some inconsistencies on the part of the British 
istitute tests. With a wide variation in ingredients, such as manganese or 
ilicon, we should expect a difference in Izod values because of the increased 
alues of silicon and manganese. I don’t think any of us here will admit 

it 50 per cent higher silicon and 50 per cent higher manganese would not 
ave a decided effect upon the Izod value of the steel in the tests described. 

MR. LESSELLS: One slide is No. 14 and the other No. 15. Show them 
igain, please. 

Now, here, if this is true as Mr. Merten suggests, that the tempering 
iemperature has no bearing on the change in physical properties which ob- 

tains, then the next thing I am going to say is that the silicon and manganese 
limits should appear in all material specifications. 

MR. MERTEN: What I wanted to point out principally was I don’t believe 

e quenching temperature of 30 degrees Cent. has an influence inthe change of 
properties there, because in both cases you will be in the solid solution range 
+ it 870 degrees Cent. as well as at 900 degrees Cent. But the silicon as well 
| as the manganese, being deoxidizing agents and alloying elements, produce 
an entirely different texture in the steel. And I think the Izod test is of 
; alue in showing up this particular condition. 
ig CHAIRMAN JOHNSON: Is there further discussion ? 
| MR. THUM (New York): There is considerable emphasis made on 
ihe point that the Izod parallels the ductility as determined by tension tests. 
| have no doubt that is true for the steel in question, but I would like to 
point out that in the sulphur investigation to which I referred, such is not 
the case. The rivet bars, as received showed that sulphur has very little effect 
ductility, as determined in the ordinary tensile machine. 
| really believe that the question about notching raised a minute ago is a 
eood one. Engineers and constructors do not put notches into their machines 
i they can help it. Therefore a steel maker who is asked to furnish ma- 
‘crial for a certain impact value, could rest his case on the impact shear, 
ind in the case of rivet bars for instance, the impact shear would give 
excellent results with high sulphur. 
Consequently, it seems to me it is up to either this Society or some 
other society who are interested in the subject, to determine just what 
notched impact means, and what it can be used for, 
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Discussion of Mr. Cox’s Paper 


MR. E. E. THUM (New York): I would like to ask a question. 
11 in the paper shows a microstructure of case hardened steel. | would j 
that the caption there is incorrect inasmuch as that structure is oe 
teristic of carbonized material before hardening. I doubt if you would 
high hardness out of such a structure. The same is true of Fig. 12. \\ 
those taken before hardening ? 

MR. COX: No, they were taken after hardening. That was 
hardened structure. 

CHAIRMAN BOYLSTON: The two illustrations in Fig. 11. h: 


apparently been reversed somehow. ‘The coarser grain corresponds to 
single treatment and the finer grain to the double, does it not? 
MR. COX: ‘The finer grain is the double heat treatment. 


MR. J.M.LESSELLS (Pittsburgh): First 1 want to say that Mr. ( 
ought to be complimented on a paper of this nature, because it is somet! 
new. It is a new way to show an old subject. 

My first question is: Was the machine checked up by running a la: 
number of tests on material of a similar’ Brinell? In the variables you | 
shown the same material with different Brinell hardnesses. 


MR. COX: That is what we did when we picked out the 555 
444 and 302 range for each of the hardened steels. 

MR. LESSELLS: The same material with different Brinell hardnes 
and the same Brinell hardness for different materials? 

MR. COX: ‘That is practically what I have given in the paper. | 
instance the plain carbon steel—O.50 per cent carbon, that was shown in thi 
555 range, the 444 range and the 302 range. 


Now as far as different steels go, in the chrome nickel, the parallel stee! 
was also shown in those three ranges, which would take care of both ques 
tions. And as far as other tests are concerned, we have been making test 
on the machine over a period of at least five years, so that when thes 
fests were taken for this paper, comparison was made between the results 
we get on these test pieces and the test pieces that had gone before. The 
checked. 

MR. LESSELLS: The question is, how far a machine of this nature 
is able to duplicate results? You have four steels here which show a very pe 
culiar relationship. For instance, in the summary, you say the greater the 
density and hardness, the greater the abrasive resistance. I think that is 
one of the conclusions. 

Now the Brinell tests do not show abrasive qualities, but a denser ma 
terial; I mean, a. material with a Brinell of 444 would be a more dense ma 
terial than a similar material with a Brinell of 200, wouldn't it? 

MR. COX: That is a question that has not been definitely proven. 

MR. LESSELLS: If that is so, if the material increases in hardness 
with increase in density, then there ought to be some relation. The results 
evidently conflict there. 

I would like to ask what provision was made to insure that the surfaces 
were all al!e: 

MR. COX: After each run you would naturally have a sort of powder) 
surface. and the main rolls were cleaned off and the test rollers were cleaned 
off in ether 

MR, LESSELLS: Run at the same speed? 
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MR. COX: Same speed, and weighed on the same _ balance. 

MR. LESSELLS: This paper really raises a question of vital importance 
) engineers in general. [or instance, it has always been my experience that 
running a case hardened steel pin in a case hardened bush, is bad practice, 
ut to run a case hardened steel pin in a tool steel bush gives decidedly better 
esults. 

MR. COX: We have found that various combinations work out better 
an others. 

There is a certain combination that worked out very nicely and they 
received great wear results from it; that is, for the driver to be Hadfield 
anganese steel and the driven cast iron, both of them comparatively soft 
iaterials, and they got very good wear results. Therefore, that brings out 
nother point that should bring forth investigation along the line of making 

comparison between various types of steel and operating in the same iden- 
ical service in different combinations, in order to bring out suitable steels 
for each service. 

Now if you will bear with me, during the war period we were hard 
pressed to get out a large order of street car railway pinions, and ‘the only 
-teel that was available was a chrome nickel steel. Approximately 500 pinions 
vere made up of this chrome nickel steel and they averaged in hardness from 
144 to 500 ,Brinell. They went into service and stood up approximately be- 
tween 10,000 and 20,000 miles, whereas, in the same service the specially 
brine heat treated pinion gave-a service »f between 50,000 and 60,000 miles, 
vhich bears out the idea of investigating different combinations and inves- 
tigating different services. 











There has been very little published along the line of abrasive resistance, 
cause when I| started to write up this paper I visited the Central Library 
at Carnegie Institute, and about the only item I could find on abrasive quali- 
ties was in grinding wheels. That naturally didn’t apply to this paper. So 
that | hope this will be a starting point, although we really can not draw 
real conclusions from what we have done. But it is to be hoped that a 
more general investigation will be started along the abrasive resistance of 
metals. 

MR. W. B. CROWE (Pittsburgh): There is one term that is very 
confusing with reference to hardness, and that is the application of the word 
“density.” Just what is meant by the term, as applied to hardness? Does it 
have any reference or relationship to specific gravity, or just what is meant 
by it. It has always been my conception that a hardened steel is less dense 
than a softened steel of the same kind. So I have often wondered what 
was meant by the term “denser structure’ with increased hardness. 










MR. COX: We always understood the term “density” was used in 
more of a specific gravity sense, and hardened steels we have always found 
to be denser than the untreated. 






MR. CROWE: I have heard of investigations that have been made on 
steel, in the martensitic and pearlitic phases, where a lower specific gravity 
vas found on the martensitic steel, approximating one per cent, which is con- 
tradictory to the ordinary term as applied. 








MR. COX: That is probably due to martensite formed in tension. It 
night be, if you have a piece that is martensitic, that you would have lower 
specific gravity than with a piece that combines the two. 

MR. GROSSMANN (Charleroi, Pa.): It seems to mé that the term 
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“density” is more of a colloquialism which refers to the appearance of 
fracture of a piece of hardened steel. There is no question at all tha: 
piece of hardened steel, in a martensitic condition, is less dense with rega 
to specific gravity than a piece of annealed steel. You will have a mu 
finer grain, a “closer” grain, and that is where the term “more dense” | 
come from, | believe. I believe in practically all cases, socalled dense ste: 
with a fine grain is really less dense in the sense of the specific gravity. 

MR... MORGAN (Pittsburgh): This test is a very interesting te 
and if I might be pardoned, I would like to ask you a question. I like 
compare. As | understand it, the two large rollers are cast manganese ste: 
From the sketch I would judge that perhaps the surface, the contact surfa 
of each individual one was something like four times that of your test rolle: 

MR. COX: Surface? The rollers were three inches in diameter «: 
the test roller was one inch. That would be 3 to 1. 

MR. MORGAN: And they would divide the slip perhaps equally 
that you would have about 6 to 1. I wondered how many tests you coul 
run on those manganese steel rollers, which would give some conceptic: 
of the relation in resistance to abrasion of the test pieces in comparison wi 
manganese steel? 

MR. COX: In comparison with manganese? Well, the only way ther 
would be is to make up the manganese steel, in the same form as the tes 


roller itself, unless you ran, say, the same test roller for quite a period «|! : 
time and then dismantled the machine and weighed up the manganese lary 
rollers. 
MR. MORGAN: The question might be answered, by how long thes 
manganese steel rollers stand up. 
MR. COX: Well, they were newly ground when we started that seri 
of tests and they wore down approximately a thirty-second of an inch whe! 
we had finished. 
MR. MORGAN: The test rollers are prepared by grinding? , 
MR. COX: By grinding. First they are heat treated, leaving abou! P 
ten thousandths on the diameter, for grinding, so that in case there wa: 
slight decarbonization in heat treatment that would be eliminated. b 


Discussion of Mr. Succop’s Paper 


MR. HOFFMAN (Pittsburgh): What bearing would rapid or slow 
cooling in hardening have on the quality of the block, and how would it 
affect the curves such as you have shown, say with one cooled in oil, one 
cooled in water at 100 degrees Fahr. and one cooled with a spray? 

MR. SUCCOP: The water cooled block is going to contract faster 
than the oil cooled block. 

MR. HOFFMAN: Would you consider quenching in oil superior to 
quenching in warm water? 

MR. SUCCOP: I think that the warm water approaches the oil ani! 
it depends upon the desired results. If you want hardness you want a quic! 
quenching medium. The oil will give greater ductility after quenching than th: 
water. 

MR. HOFFMAN: I had reference to a heat treated block where you 
have a Brinell hardness of 350 and perhaps would be compelled to use a draw 
back. If you have a block 18 inches square and put it in oil, would you 
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ool that block evenly all the way through, so that you would have a_ heat 
treated block, with a Brinell hardness of 350 at the center? 

MR. SUCCOP: We have found in large die blocks, which were 
quenched and cut in half, the scleroscopic hardness from the surface to the 
center, was found to vary only 5 points. 

MR. HOFFMAN: Cooling in oil? 

MR. SUCCOP: Cooling in water. 

MR. HOFFMAN: Could you have gotten the same results if you 
had cooled it in oil ? 

MR. SUCCOP: I don’t know, we never tried it. 

MR. JOHN J. CROWE (Philadelphia): Fig. 3 curve [11 which indi- 
cates the temperature at the center of the oil cooled specimen shows a sharp 
break at 1200 degrees Fahr. In Fig. 4 curve Il a similar break occurs at 
$50 degrees Fahr. The break is shifted from the center position to a 
position 4.5 inches from the outside. How do you explain that? 

MR. SUCCOP: You mean that the center cooled off more rapidly in the 
water cooled than in the oil cooled? 

Mk. J. J. CROWE: If you look at curve III on Fig. 3 the curve for 
| the thermocouple placed at the center of the cube at 1200 degrees Fahr. after 


4 38 minutes there is a point of inflection in the curve, it shows a sharp break. 
| {his same characteristic is shown in curve II Fig. 4 at 450 degrees Fahr. 
after 36 minutes. The point of inflection has been depressed 750 degrees 


ahr. and has been shifted from the center to the position noted as No. 
ll, 4.5 inches from the outside, half way between the center and the out- 
side, 

) MR. SUCCOP: I cannot answer that. 

MR. J. J. CRQWE: That is something that may be worth studying. In 
doing some work several years ago on the temperature distribution in the 
head of a 90-pound rail, I placed one thermocouple just under the surface 
and another at the center and after heating to well over the critical range 
allowed the rail to cool in air. The outside cooled much more rapidly than 
did the center until the critical range was reached when theré was an 
i actual reversal on a differential couple indicating that the outside was slightly 
i hotter than the center. 

MR. HOFFMAN: Were your blocks, or eighteen inch cubes chrome 
nickel or plain carbon? 
. MR. SUCCOP: Plain carbon. 


<j] pga 


ae ty 


: MR. HOFFMAN: I notice for the 18 inch block you use a 25 inch 
ne 


ingot. Would you consider that the proper proportion of reduction for all 
blocks ? 

MR. SUCCOP: That is not as much as is regularly given. But that 
is the way E. F. Law developed these curves. That is not of course as much 
as is regularly given, usually there is a greater reduction. I would say, rather 
than a 25 inch ingot, a 30 or 32 inch ingot should have been used for the 
proper reduction, 
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Discussion of Mr. Grossmann’s Paper 


CHAIRMAN BOYLSTON: We have a short written discussion fron 
Mr. S. C. Spalding of the Halcomb Steel Company. 








































Chairman Boylston read the written discussion of Mr. Spalding which 
as follows: e 

[ was greatly interested in the data published by Mr. Grossmann on the 
change in dimensions of high speed steel in heat treatment. ‘This is a 
subject worthy of considerable attention, but as Mr. Grossmann states, printed 
data on the subject is hard to find. It was surprising to me that the autho 
found the steel to expand in hardening. It has been our general experience 
that a high speed steel will shrink in hardening. ‘To confirm this statement, | 
give here some measurements made on a steel of the type of Mr. Grossmann’s 
No. 18. 

Two bars of high speed 7/8 inch in diameter were selected and two cy! 
inders made from each bar, 13/16 inch in diameter by 3 inches long. The 
cylinders were carefully measured, then hardened and measured, then drawn 
and measured. The results follow: 


Length Difference Diameter Difference 
in Inches in Lengthin in Inches in Diameter 
Piece No. | Inches in Inches 
Before. , , , . Baas .8122 : ta 
2200 degrees Fahr. in oil.. .. . 2.9692 0027 . 8112 —.0010 
Drawn 1050 degrees Fahr. . 2.9683 ~. 0036 .8113 — .0009 
Piece No. 2 
Before. ibs : . 2.9967 8121 ole a 
2250 degrees Fahr. in oil........ 2.9937 —. 0030 8111 —.0010 
Drawn 1050 degrees Fahr. 2.9927 0040 8111 —.0010 
Piece No. 3 
Before........ ; . 2.9895 ; 8120 ean 
2200 degrees Fahr. in oil. 2.9874 — 0021 .8114 — .0006 
Drawn 1050 degrees Fahr. 2.9862 —. 0033 . 8115 — .0005 
Piece No. + 
Before. 2.9892 . 8122 ta cee 
2250 degrees Fahr. in oil... 2.9864 0028 8111 —.0011 
Drawn 1050 degrees Fahr. 2.9854 — .0038 8111 —.0011 


To see what effect the shape of the cross section wauld have, two pieces, 
one each of bar No. 1 and No. 2 were made up in tap sections 3 1/4 inches 
Jong, measured, hardened at 2250 degrees Fahr. and measured, then drawn 
at 1050 degrees Fahr. and measured. ‘The results follow: 


Bar No. | 
2250 degrees Fahr. in Oil—Drawn 1050 degrees Fahr. 
Length Difference Diameter Difference 
in Inches in Length in Inches in Diameter 


in Inches in Inches 
ii its 3.2155 rietltsed 8101 Prati cid 
After hardening 3.2118 ~._ 0037 8088 —.0013 
After drawing 3.210 -. 0048 . 8083 — 0018 


Bar No. 2 
2250 degrees Fahr. in Oil—;Drawn 1050 degrees Fahr. 
Length Difference Diameter Difference 
in Inches in Length in Inches in Diameter 
in Inches in Inches 
Before. ; ahs Samet See whee eee aE 
Ne NE an git ac ase e's Mie 3.2054 —.0051 8083 — 0011 
UU Ns ce 3 on coca 5 crs nee 3. 2037 —.0068 . 8079 —.0015 
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This shows No. 1 to have shrunk .0015 inch per inch of length and No. 
2 to have shrunk .0021 inch per inch of length. This shows that the tap 
section which contains less metal apparently shrinks more than the solid 
cylinders. This in turn would indicate that temperature and length of time 
in the furnace would have an important bearing on the shrinkage. 

It would seem that there must be something radically different, either 
in the condition of the steel or in the treating that would cause Mr. Gross 
mann’s test pieces to expand and ours to shrink. Ours were preheated to 
1750 degrees Fahr. in a wire resistance electric furnace, then transferred 
to a carbon plate electric furnace at the required quenching temperature, lef! 
until they were judged right by a high speed hardener, then quenched in oil. 
It would be interesting to hear expressions from members present who have 
had experience with high speed as to whether they have usually found it 
to expand or shrink. 

MR. GROSSMANN: I am sorry to discuss this paper of Mr. Spald- 
ing’s in his absence because | would like to ask him what L think would be 
the vital point in it, and that is regarding the protection of the ends. If 
those pieces hardened in an open furnace as he implies, were not protected on 
the ends. a certain scale would form which would either flake off or perhaps 
be removed or smoothed in order to make the measurement easier. 1 know 
of certain tests that were made on the same steel that 1 used in these tests, 
were treated in that way, and they apparently showed a shrinkage, but so 
far I have made probably fifty tests on steels of four different types—these 
three and a cobalt steel, high speed, and they all expanded without any ex- 
ception. They were preheated to 1600 degrees Fahr. and then transferred 
to a high speed gas furnace at the temperatures at which the tests were run 
and left there in the neighborhood of 5 minutes and then quenched in oil. 

MR. MERTEN (Pittsburgh): Mr. Grossmann spoke of formation of 
carbides on cooling and changes due to this formation. Doesn't he rather 
mean the precipitation of carbides instead of formation? I don't think car- 
bides are destroyed or broken up by heating through any temperature ex- 
cept probably when heated to a liquid state. Doesn't he mean precipitation 
instead of formation? 


MR. GROSSMANN: There seems to be considerable controversy on 
that particular point just now. There are two rather opposing views. One 


of them is that carbides and tungstides, or whatever they are, dissolve in 
atomic dispersion, and the other view is that they dissolve as a whole. In one 
case the formation, or precipitation of the carbides and tungstides would mean 
association of the atoms to form the molecules, and then an association of 
those molecules to form the larger particles. 

The other view would mean merely that the molecules are preserved 
as a whole, while being dissolved in the matrix and that they merely associate 
to form the larger particles which are later visible under the microscope with 
higher drawing temperatures. 

MR. MERTEN: I don't believe that volume changes indicate a molecu- 
lar disintegration and atomic dispersion. | don’t know whether these high 
sounding atomic dispersion theories have any bearing whatever on your prob- 
lem. 

MR. GROSSMANN: I think the question of whether they are in 
atomic dispersion or molecular dispersion has very little to do with it but 
the association of either the atoms or the molecules has a great deal to do 
with the accompanying contraction of volume. 
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MR. MERTEN: I have always been able to explain to myself a 
others the volumetric changes in the precipitation of carbides, and I think 
twinning theory explains the volumetric increase in your structure. It mak: 
it rather hard to see why a volume should increase by a formation of a chem; 
cal union between iron and carbon, if such a thing is possible, at this tem 
perature. From that standpoint I think the precipitation of carbides is mor 
plausible to the average man than another explanation. 





MR. HOFFMAN: In summing up your paper, did I understand 
‘you to say that the proper drawing temperature at which you would have tly 
steel retain its original dimensions to be 900 degrees Fahr. 

MR. GROSSMANN: As far as these tests have gone, yes. The steel 
can be drawn of course at 900 degrees Fahr. and still retain almost all of 
original high speed cutting properties, and yet at 900 degrees Fahr. it will 
nearest to its original dimensions. 

MR. GREEN (Philadelphia): I would like to ask Mr. Grossmann hoy 
. deep were the holes and tappings that those bolts were sunk into to hold 
the pieces on the ends, and whether or not the holes being in the piece caused 

any differences in the measurements. That is, if you look at your Fig. 1, 

how deep were the holes drilled to put the bolts in? 

MR. GROSSMANN: A half inch deep. 
MR. GREEN: You took the measurement in the center. You don't 
think it could have affected the conditions one bit, having those holes there ? 
MR. GROSSMANN: 1 hardly think it could have affected it. 
MR. THUM (New York): The discrepancy of the results in M1 
}- Grossmann’s work and that of the Haleomb steel company seems to be great 

I happened to look up some work of Mr. Scott of the Bureau of Stand 
ards and he gives expansion curves that are very similar indeed to Mr 
Grossmann's curves. There is a striking parallelism in that the quenched 
specimens are always larger in volume, than the annealed bar. On successive 
| ly higher drawing of quenched bars he got a slight contraction followed by 
an expansion when the secondary hardness appeared. On even higher 
tempers (anneals) there is a sharp contraction. In other words, Mr. Scott's 
work of the Bureau of Standards seems to verify Mr. Grossmann’s work as 
near as could be expected. 

MR. HOFFMAN: A lot of the results depend on the method in which 
the samples were heated. The one which Mr. Grossmann used and the one 
used by Mr. Spalding may have been different, which would account for the 
variation in results. 

MR. GROSSMANN: I can't say that I can see any reason why such 
differences in heating would have that effect. 

MR. HOFFMAN: Your specimens were not subjected to the flame 

MR. GROSSMANN: | They were heated in;an open gas furnace. 

MR. HOFFMAN: Your specimens were not heated in an enclosed 
capsule ? 

MR. GROSSMANN: No. 

MR. HOFFMAN: The other was an electric furnace. Yours was a 
gas fire. It may have some bearing on the results. 

MR. GROSSMANN: It may have, but I question whether, at that tem- 
perature the gas absorption would be great enough because the higher the 
temperature of a piece of steel, the less it is susceptible to gas absorption. 

MR. COX (Pittsburgh): There is ene point there. Your preheating 
was done at a temperature of 1600 degrees Fahr., and the Halcomb Steel 
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Company preheated at 1750 degrees Fahr. There is a difference of 150 
degrees Fahr. and the rate of preheating would be greater in the 1750 degrees 
Fahr. than in the 1600 degrees Fahr. It might be possible that there is a 
difference in the types of the preheating and heating up for final quenching. 

MR. GROSSMANN: Yes, but we have made a few tests in which 
the preheating temperature was as high as 1800 degrees Fahr. and we found 
ilways the same expansion. 

MR. MORGAN (Pittsburgh): Isn't there a condition incident to 
the treating of any steel, that, if you please, may waive consideration of these 
supertechnical points? 

When we cool a piece of steel in any medium, all papers that we have 
ieard in the last couple of days have indicated that we do not cool the steel 
it a uniform rate from surface in. When we cool steel we find that 


we 
set up tremendous shrinkage stresses. You cannot have 


stress without a 
train. The minute you set up shrinkage stresses you must have a change in 
dimensions that go with them, and when you draw or anneal or pass through 
any other operation in drawing, or whatever it may be, the 


shrinkage 
tresses and corresponding strains adjust themselves to each other. 


So that the point I want to make is that the conditions of heating and 
the conditions of cooling and drawing, the intimate conditions. the detailed 
conditions, would be largely vital in affecting the final mass of the material 
passing through such treatment. 


[ would like to inquire if Mr. Grossmann thinks that would have any 
hearing. 


MR. GROSSMANN: I ‘think it might have a considerable bearing 
on large masses on account of the stresses that are set up in the steel due 
to the temperature gradient between the outside and the center. This has 
to do more with the normal thermal expansion because as a piece of. steel 
cooled, aside from these volumetric changes that we have discussed here, 
ere is a normal contraction in cooling, and of course the outside tends to 
cool more rapidly than the center. The center, since it doesn’t cool as rapidly 
as the outside, has a larger volume so that it induces in the outside certain 
stresses which might cause an expansion, a purely mechanical expansion, ac- 
companying the tendency toward contraction. I don’t know whether I make 
myself perfectly clear on that but I think you can readily see that if a large 
block of steel as in Fig. X is at a temperature of say 1800 degrees Fahr., 
and is suddently plunged in water so that it is caused to cool rapidly on the 
outside, then dimension A, we will say, where it is all exposed to the cooling 
medium, will tend to contract from the dimension A, down to one like di- 
mension B, exaggerating it a great deal. The center, being much hotter, will 
naturally have a larger volume. It will have almost its original length 
equal to A and since this outside piece A tends to assume this length B and 
the center piece holds it to about this other length A, naturally there will 
be an intense strain on this outside, tending to hold it to its original length, 
and that might have a great deal to do with it in a large block. However, 
the center being hotter is more plastic and will yield more to the contracting 
lorce from the outside. 


S 
1 
tl 


Whether it would have much to do with it on such a small block as 
this test piece, I rather question. 


MR. H. J. STAGG (Syracuse): I think a point has been missed by both 
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Mr. Grossmann and Mr. Spalding. Attention has been paid to the diffe: 
ences in length and in length only. So far as I have seen in a cursory exai 
ination, there has been no attention paid to the differences in diameter 
either Mr. Grossmann or Mr. Spalding, and I think perhaps some investig 
tion along those two lines may reconcile the results of the two investigatior 

A number of years ago I obtained a mass of data that was irrevelant uw 
til that point occurred but gradually after taking into consideration | 
changes in shape of both dimensions, results came to light which wer 
worth while. 

MR. GROSSMANN: I might say in reply to that, first that the seri 
of measurements made by Mr. Scott in the paper referred.to by Mr. Thum 
showed that the volume changes which were measurements of actual specifi 
gravity, conformed rather closely to these results shown here. 

The other answer that | might make to that has to do with a surfa 
action. I don't know if Mr. Stagg has reference to the same point, but it 
is rather well known that if a cylinder of about the proportions shown her 


‘is heated repeatedly and then cooled quickly a certain surface action con 


into play. ...... Now here, if a cylinder like this shown in Fig. Y is heate 
to a moderately high temperature, disregarding the critical changes, it 
found after a number of quenchings, say 100 or 200, that the cylinder instea 
of having its regular shape, will he bowed out, like that, shown in Fig. Z 
throughout the section which would indicate a contraction axially, in di 
mension M. 

On the other hand, it is found that the cylinder, instead of being straight 
across as at S in Fig. Y, is actually bowed out here also, as in R in Fig. 
and the same at the bottem. It seems that the tendency is for a piece of steel 
like that to assume a perfectly spherical shape; but that effect is not noticed to 
any great extent, at least, it was not noticed in some tests we made, until 
perhaps 50 to 75 quenchings shad been made, and it seems to me ver 
doubtful that such an effect would have much bearing on these measurement 






FIG. NX FIG. Y FIG. Z 
Fig. X Diagrammatic sketch of the change in Fig. Z. Diagrammatic sketch of the steel cylin 
dimension of a steel block when heated to der shown in Fig. Y after it has been heated 
1800 degrees Fahr. and quenched in water. through the critical range and quenched several 
hundred times. Note that the cylinder tends 


Fig. Y. Diagrammatic sketch of a steel cylinder 
before it has been heated and quenched 
several hundred times. 


to assume a spherical shape. 


because, in the first place these had only one quench, and in the second place, 
if there was a tendency toward contraction, which | grant there is, it would be 
slightly compensated for by the tendency to bow out at the upper and 
lower ends. 

MR. KNERR (Philadelphia): In that connection | would like to 
ask whether you made measurements to determine whether the ends of the 
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ylinder remained parallel after quenching, or whether there was a bulging 
it the axis as compared to the length at the outside: 

MR. GROSSMANN: Unfortunately we couldn't make those measure- 
inents because with this cylinder the ends were oxidized very badly 1/3 of the 
way in, and it was only in the center that the steel remained perfectly clean. 
So that we couldn't tell whether there was surface action there or not. | 
rather suspect that with the short heating it would be found that the outer 
art was expanded more than the central part. But | have no data on that. 

MR. W. .B. CROWE (Pittsburgh): I have had experiences in con- 
nection with the hardening of armor plate, that connects up very well with this 
ubject. Armor plates which are face carbonized, are treated to produce the 
desired physical properties for the back, usually very uniform throughout 
the entire section. It is then subject to a face hardening operation, face 
heating, and face and bagk spraying, which will carry the hardening down to 
desired depth approximately 30 to 40 per cent. 

It has always been our experience that when a plate has been so heated 
ud quenched as to have no appreciable effect on the physical properties at 
the back, and the face has been rendered nearly glass hard, the upper 
ardened face will rise in the center very considerably. A plate 20 feet 
ong will often rise 6 to 10 inches. ‘To satisfy myself, in one case | placed two 
enter punch marks 10 feet apart on longitudinal axes of surface, before 
heating for hardening. After hardening these punch marks were 1/16 
wich farther apart and the calculated curvature this would produce checked 
ery closely with the actual curvature induced. 
| also observed that where in special cases a foot or so of the edges of 


| 
| 
] 
| 


le plate were protected to keep soft for subsequent sawing off. that when 
~ 


the cut had been carried nearly the entire length of the plate, the narrow, 
unhardened strip became nearly straight as compared with the hardened plate, 
the face end often leaving a foot or more above its original position. With 
these counteracting forces removed, the hardened body of the plate becoming 
lightly more curved. Inasmuch as the physical properties of the unhardened 
portion of the plate had been practically undisturbed, it would appear that the 
hardened face had expanded. 

CHAIRMAN BOYLSTON: I would like to ask Mr. Grossmann 
what he means by two different types of martensite ? 


MR. GROSSMANN: There is pretty distinct evidence in high speed 
‘teels that there are two forms of martensite present: one of them the kind 
which 1S, let us Say, “destroyed” by heating at the low temperatures up to 
YOO degrees Fahr., and the other which is only developed from the austenite 
in high speed steel by heating at 1100 degrees Fahr. I cannot say what the 
constitution of those two martensites is, but it is certain that martensite 
formed from the austenite at 1100 degrees Fahr. is much more siable than 
the martensite which is in the high speed steel as originally hardened. We 
can show this, for one thing, by heating high speed steel to 900 degrees 
“ahr. and it will lose some of its hardness. If it is then heated at 1100 de- 
grees Fahr. it will acquire what is called secondary hardness due to marten- 
site, and if this martensite, this new martensitic steel, is then reheated at 900 
degrees Fahr., it retains the hardness which it had after heating >be first time 
at 1100 degrees Fahr.; if it were the same kind of martensite as the original 
martensite, it would be destroyed at 900 degrees Fahr. the same as the origina] 
niartensite. But this is not the. case. 
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RELATION OF THE UNIVERSITY. TO INDUSTRY 
By Dr. J. G. Bowman 


1 am asked to talk about the relation of the University to industry 
that is, the production of the University in its relation to industria 
success, especially in the Pittsburgh district. I like to use your wor. 
here “production.” 

The budget of the University of Pittsburgh is about $1,500,000 
vear. Our “production” ‘this year will be about 600 graduates, abou 
one-half of whom will go into the industries. ‘The cost of traininy 
these young men and women during the past four years is conservativel\ 
about three million dollars. In other words, the community and th 
state of Pennsylvania contribute about three million dollars a year for 
the happiness, the prosperity, and the permanences of the state by inves 
ing in these youngsters. 

Now, what about the product? Is it what you want? Is it all that w 
should have made out of it? You can employ today almost an unlimited 
number of engineers, technically trained, for $1,500 a year. You ca 
employ doctors, dentists, and lawyers for the same amount, but cai 
you employ a man trained in any one of these professions who know: 
not only the technical side of his profession, but knows also how t 
enter into the life of his community and be a part of it. A man in almost 
any profession today who has a sound training and also the gift of being 
part of his community is a bargain at $10,000 a year. 


Now, what about our product. Are we turning out the $1,500 or th 
$10,000 man? Are we permitting a boy to leave the School of Engineer 
ing or the School of Medicine with merely a technical training, or have 
we some process by which a lad acquires both the technical training 
and that additional something which sets him free to go with speed to 
the top. 

What is this “additional something’ There is no single answe) 
to the question. The best answer _ however, which I know is that it is 
the ability to get another man’s point of view with sympathy and 
kindliness and speed. It seems clear to all of us in the University that 
it is our business to insist that the boys who are going into a professional! 
career lay in for themselves a foundation which will broaden foreve: 
their points of view. Hundreds and hundreds of boys come to the 
University each fall and say, “I want to be an engineer. I want to be 
a doctor. I want to be a lawyer. I want to plan and build something.” 
They are impatient. They want to go “right into technical training” 
The medical student, for example, wants to study anatomy and patholog) 
before he has laid the basic foundation of medicine in chemistry and bi 
ology. 


7°? 


The engineering student is impatient when he is asked to acquire at 
least an elementary knowledge of economics and history and when it 1s 
insisted that he should know how to use his own language in a simple, 
straightforward manner which goes to the mark. If we should allow 
these boys to choose entirely their curricula, unguided as they are at the 
start, we should be turning out seldom better than $1,500 man and you 


A speech delivered at the banquet of the Pittsburgh Sectional Meeting, May 25 
The speaker, Dr. J. G. Bowman, is Chancellor of the University of Pittsburgh. 
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well, you would be complaining that you do not want 
men, 


What happens is that 


many of these 


we require engineers. mining students, medical 
students and students in training for business to go at | 
the College before they start on their technical training, 
emphasis is placed upon training in the use of their own language. There 
is Insistence that they know the elementary principles of economics and 
of government. The meaning of a profession is brought home to them 
and the responsibility of a man who enters a profession to his fellows. 
In other words, we try to open the windows on all sides of 
in Which the man starts out as a freshman, and with this 
him he is able not only to choose more wisely the career 
will throw his life, 
those about him, 


east two years to 
In these vears 


the little room 
scenery before 
' Into which he 
but also to see more clearly the relation of his life to 


The reading of biography is a habit which we endeavor to create 
among students. If a boy, for example, reads the life of ] 
really sees the horizon as Lincoln sat it, he w 
as limited as he was before he read the book; he will have increased 
permanently the radius of his own horizon; he will have gained the 
power to grasp anothers’ point of view with more sympathy, more 
kindliness and more speed because he knows the life of Lincoln, 

The habit of using those little five and ten minute periods through 
the day that are wasted by most of us, for the reading of things like the 
lite of Lincoln is a great habit. Many a time it is the difference between 
success and failure. It is a very important part of what a man gets 
out of a college education. And then if the student’s life is full 
minute of determinatnon to go to some high mark of attainment and he 
realizes that each day’s work is progress straight toward that mark 
that is the stuff which makes the University. 

lf you are to perpetuate your industries you must | 
stantly training and experience which you cannot 
Neither the engineer, nor the chemist, nor the doctor, nor the lawyer 
can acquire his essential skill without academic training, and the time 
is now here for co-operation between universities 
sity of Pittsburgh, and the industries of | 
of men who have got the energy, the 
hold Pittsburgh in first place 


Ancoln and 
ill never again be quite 


every 


ring in con- 
give in your industries. 


, let me say the Univer- 
'ittsburgh, for the production 
intelligence, and the character to 
among world industries 
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BALL STEEL 
By Hilton G. Freeland 


PTE subject of this paper is ball steel from the ball manufacturer’s view 
point. There are other phases to this subject, for example, that of th 
steel mills and of the bearing makers, but this paper deals with the ball manu 
facturers’ problems arising from the quality of the ball steel received an¢ 
its effects on the final product. The writer will show what is considere 
good ball steel by describing the types of defects which are most commoi 
and by explaining why they are so injurious to the quality of the. ball mal: 
ers’ product, It will also be shown how certain operations tend to accentuat 
certain defects during production, also how their presence is discovered in thy 
raw matefial as received. 

At the plant with which the writer is connected the product consis‘ 
chiefly of the most perfect type of balls which are to be used in standard, 
high grade, radial and thrust bearings that are required to meet the most ex 
acting type of service. In addition to this balls produced for Brinell ma 
chines, valves, and for uses in which alloys such as stainless steel, Monel 
metal, brass, bronze, aluminum, etc., are to be preferred, but for the pu 
pose of this paper we will confine ourselves to steel only. 

At present, four different kinds of steel are in use which in order o| 
their importance, based on output, are: 

1. Regular ball steel for ball bearings 

2. Steel for oil well valve balls 

3. Steel for valve balls and bearing balls where resistance to corrosive 
action is of prime importance 

4. Steel for Brinell balls 

We will study only the first type, our regular ball steel for ball bearing 

This ball steel is electric furnace chrome carbon steel. The carbon range 
is between 0.95 per cent and 1.05 per cent, while the chromium content in 
creases with the ball size. For ball sizes ranging between 14 inch and 5% inch 
inclusive, a 0.75 per cent to L.05 per cent chromium is used; balls from 5; 
inch to 1 3/16 inch inclusive, have from 1.05 per cent to 1.35 per cenit 
chromium content; above that 1.35 per cent to 1.65 per cent. The other 
elements are as follows: 

Per Cent 


Manganese... . ; 0.30 to 0.45 
Phosphorus under. pias 0.025 
Sulphur under.. Z 0.025 
Silicon...... 0.20 to 0.35 


It is extremely seldom that any dispute arises over the composition ol 
the steel furnished. A laboratory comparison of different analyses has 
indicated that a variation in composition from that which is specified would 
not be advantageous. It has been stated that additional chromium is present 
in the compositions used for the larger sizes of balls. This is found nec- 
essary in order that the required hardness penetration may be procured 
so that the larger sizes of balls may support loads proportional to their 
size. Increasing the chromium content of the larger ball sizes simplifies 
the heat treatment by reducing the sensitivity of the metal to the effects o! 
both heat and. time. 


A paper presented before the Detroit Chapter. The author, Hilton G. Freeland, 
is metallurgist, Hoover Steel Ball Co., Ann Arbor, Michigan. ; 
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The ball steel that we now use, owes its quality to the sincere co-opera 
tion of the steel nulls with our laboratory and organization, and represents 
a tremendous expenditure of time and money; time in developing a mull 
practice which is capable of eliminating our main sources of trouble, and 
money required to defray the cost of these mill experiments and changes 
also to cover losses incurred through rejected material. All mills) which 
can successfully and consistently produce good ball steel have traveled the 
same path. 

The chief types of steel defects which cause the greatest trouble in the 
production of steel balls are two in number, seams and decarbonization, The 
following are some of the reasons for this statement : 

1. No metal is removed from the surface of the stock before forming: 
in addition we are limited through mechanical and production reasons from 
removing more than a certain amount of metal afterward. 

2. The forming operations tend to accentuate certain defects in the ma 
terial used, 

3. The whole process of ball production after forming is fundamental- 
ly a grinding operation, and grinding is expensive. 

4. ‘The only way we can be absolutely positive that the finished produet 
is free of the evil effects of seams and decarbonization is to procure raw 
material so nearly free from the defects mentioned that we know all trace 
of both have been removed before heat treatment of the balls. We will 
not dwell on methods of ball production except as necessary to show. that 
the detects mentioned are serious, and the manner im which theif evil 
effects become multiplied during production, 

There are a number of ways of producing spheres both for the form 
ing of ball blanks as well as for subsequent finishing operations. The fol- 
lowing three methods of forming represent good ball making practice : 

1. Cold pressing for sizes smaller than 11/16 inch. 

2. Hot forming for sizes from 11/16 inch to 114 inch inclusive 

3. Forging for larger sizes. 

for the purpose of illustrating the accentuation which — takes 
place in seamy stock through forming, we will consider cold pressing 
as generally typical, although considerably more drastic than either hot 
pressing or forging. Our practice is to make 5% inch balls and those smalle: 
on Manville headers. In this process the wire used for making the ball 
blanks is fed from coils resting on spindles into the headers and then passes 
through guide rolls into a quill from which it emerges in front of the “cut 
off” blade. A wire stop determines the slug length. The “cut-off,” shears 
the slug from the wire and is so constructed as to carry it over between the 
dies and as the “cut-off” withdraws, the plunger die approaches the station 
ary die compressing the slug into the form of a ball blank. 


‘One can readily see that if the wire were seamy, the seam in the slug 


would be greatly accentuated in the ball blank. An example of this condition 
is illustrated in Fig. 1 which shows steel ball slugs partly and completely 
tormed into ball blanks. The accentuated seam is readily observed in both 


The diameter of the ball blank is 50 per cent to 60 per cent greater than 
that of the wire from which it was made. This operation is repeated at the 
rate of from 80 to 135 times a minute depending on the size of the balls 
heing formed. It must also be remembered that we are cold upsetting a 
steel containing 1.00 per cent carbon and 1.00 per cent chromium, possessing 
an average Brinell value ranging between 175 and 200. We have found 
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Fig. 1—The top row shows steel ball slugs partly and completely formed into ball blanks. The 
accentuated seam is readily observed in both. The second series shows two seamy slugs and two good 
slugs upset different amounts The small balls across the middle of the figure are fire-cracked balls 
resulting from seams which were not completely removed before hardening. The large balls flaked in 


service due to unremoved seams. The pieces of broken balls at the bottom of the figure show a piped 
condition. Slag inclusions are noticeable. 
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that the accentuation of seams by this process varies greatly ranging anywhere 
from 1 to 5 times.. Fig. 1 shows two seamy slugs and illustrates the manner in 
which seams are enlarged when the slugs are upset different amounts. 
With sound steel free from seams this crack would not occur. 

In addition to the accentuation which occurs to seams we have also 
another factor to reckon with and that is the offset of the dies. Fig. 2 
illustrates diagramatically this off-setting. Of course, this condition can be 
controlled within narrow limits but the dies in a header operating rapidly 
on this type of ball steel cannot be kept perfectly in line so we have to figure 
for a minimum ball blank diameter which occurs close to the portion of the bali 
we term the equator and is indicated as B on the diagram. The equator 
is the section of the ball where the flash is formed during cold pressing. 
the maximum cold working stress as well as the greatest accentuation occur 
at the equator, therefore we have the greatest defect in the headed ball at 
the pomt of least diameter. Thus a slight offset may cause the loss of 
balls that would otherwise clean up before hardening. In removing a defect 
it is necessary to grind off an amount of metal equal to at least twice its 
depth. ‘This off-set of the dies is one of the factors which determines the 
permissible limit of decarbonization in the original stock of which the 
halls are made. 


The next point for consideration is the manner in which seams become 
deepened during ball manufacture as well as the effects of decarbonization 
in the raw stock. After the ball blanks are formed they receive a rough 
grinding which removes the flash and most of the excess stock, they are 
then hardened. The balls produced from wire are given one heat treatment 


which is accomplished through a continuous process in rotary furnaces. At 
this stage of manufacture it is necessary that all seams and decarbonized 
metal be entirely removed, if not, the seams become accentuated again, 
frequently but not always producing. fire-cracked balls. The situation would 
hecome much easier of solution if all the balls which possess remnants of 
seams at this stage would fire-crack, because they could easily be picked 
out after hardening, at some subsequent operation, or finally by the inspec- 
tion department. We would then know that no future trouble would be 
experienced by exfoliation or by the breaking of balls in service. Fig. 1 
shows several small balls which have been fire-cracked. 

Tests for seams are made by cutting samples from enough coils to 
give a representative idea of the quality of each shipment. The ‘test pieces 
are etched in dilute muriatic acid, either 1 to 1 or 1 to 3 parts of water, 
then rinsed in running water to free them from acid, and afterward cleaned 
with one of the ordinary kitchen cleaning compounds to remove any residue which 
may adhere to the samples. The test pieces are then dried and are ready for ex- 
amination. This examination is performed by filing any seams that may be 
present until the bottom of the seam is reached. The depth is determined 
by use of a micrometer. The most accurate results are obtained by holding 
the samples in a vise, inasmuch as some of the seams are very fine and 
‘an easily be lost unless the filing is done in the most careful manner. 
hese details of testing may seem most simple and yet nearly all of our 
disputes with the steel mills arise from a lack of strict adherence to the details 
of the operations just described. There are three types of seams which 
appear most often and are mentioned here without any attempt being made 
to explain their causes. All are equally serious to the ball maker. 


Type 1. Are long seams of greater or less depth usually continuous 
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quarter shows a piece of bar stock which has seams characteristic of 
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throughout the length of the section and occurring singly or in pairs and y 
ually having complementary seams diametrically opposite. The two sean 
comprising each pair are parallel throughout their length but converge 

they approach the center of the wire or rod. Fig. 3 in the upper le! 
Pyp: 
1 and has been file tested as described. ‘i 


Type 2. .Are seams which may vary greatly in length or depth and als: 
in their location on the bar. They may occur singly or a large number. 
Type 3. Are seams which are always short, some of them not ove 


4, inch in length and of varying depth. These are found on both rod an 
wire but appear to be most serious on bar stock where they are found t 
be from 0.015 to 0.025 inch in depth or even greater. 

No final inspection has been developed which is so perfect that it can |y 
absolutely known that seams do not actually exist in the balls received 
the customers when stock is used for their production which contains seam 


deeper than a certain limit. ‘This is the reason that material used for bal 





of dies resulting in 
minimum diameter. 


the off-set 
maximum and 


Illustrating 


Fig. 2 
having a 


production is under such rigid restrictions against seams and the reason 
that it is rejected without allowance when the limits are exceeded. The 
specification states that no seams or surface defects of similar type should 
be present, but commercially, this is not possible of complete fulfillment. 
Our production methods indicate that 0.007 of an inch on radius is the 
maximum limit, while stock accepted usually possesses seams not exceeding hal! 
that limit, and in many cases ranging from zero to 0.002 inch only. Fig. | 


shows some balls that flaked in service. It will be noted that the flaking 
started from an unremoved seam in each case. 
Let us now consider decarbonization limits. We require that at a 


distance of 0.004 inch below the surface, the stock must contain its full 
quota of carbon. In the lower right hand corner of Fig. 3 is shown three 
etched pieces of decarbonized wire. The plain gray wire A has the normal 
appearance of good stock while B and C are finely and coarsely mottled, 
respectively. This mottled condition generally indicates the presence of de- 
carbonization. Wire like C usually has more decarbonization than stock 
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having the appearance of B. The lack of this peculiar surface condition, 
however, does not indicate that the material possesses its full quota of car 
bon as required. Where the decarbonization is quite bad it often manifest: 
itself by a sparkling ring on the outer edges of the hardened test-pieces as 


, 


is shown in the lower left hand corner of Fig. 3. 


Balls will contain one or more soft areas, when made from wire possess- 
ing decarbonization to such a depth that it is not entirely removed from the 
minimum ball diameter before heat treatment. This depth of softness would 
he greater than the depth of decarbonization not removed, owing to the 
blanketing effect of the carbonless metal on the surface. Experience has 
shown that decarbonization on the surface of a ball, on account of this 
blanketing effect, produces, in some cases, a depth of softness at least se, 
eral times greater than the actual depth of decarbonization present at 
this stage. This has been proven during production where soft spots were 
found in a given lot of balls. 

lor example, the depth of softness when discovered might range between 
0.003 and 0.004 inch. At this stage of manufacture it would not be pos- 
sible to remove much more of the excess stock before hardening and have 
the balls finish up correctly to size. In this event, hardening would be tem- 
porarily suspended on the lot in question while the balance of the unhardene:| 
halls would be sent back to the grinding room and 0.001 to 0.002 inch more 
would be removed. On being returned to the heat treating department and 
hardened it is usually found that all traces of surface softness have entirely 
disappeared although less stock than the depth of apparent softness has 
heen removed and no changes in heat treatment have been made. It might 
be asked by some how we know that the balls which received the additional 
erinding originally contained decarbonized areas. The answer is that our 
experience shows that after a number of tests on the first portion of quan 
tities of balls consisting of a ton or more, that they have agreed consistently, 
as to the precentage of soft balls after heat treatment. 

There are two things of interest that might be mentioned here, and 
they also explain the reason we are compelled to inspect most rigidly and 
to reject on the limits given without any allowance. 

1. When either seams or decarbonization are present they are not oj 
uniform depth throughout the length of the coil or rod nor are they 
necessarily continuous. 

2. That decarbonization when present will appear in two forms. In 
one type the surface metal will be composed almost entirely of ferrite 
possessing a more or less sharp line of demarcation at its junction with the 
metal having at least our minimum carbon allowance. The upper left hand 
photomicrograph in Fig. 4 shows the first type of decarbonization where 


the surface of the stock is almost entirely free of carbon. The stock is 
().365 inch wire as received in the annealed condition. The magnification is 
75X, and the specimen was etched 40 seconds in a 3 per cent solution 
of nitric acid in ethyl alcohol. This type is easy to identify either by the 
microscope or the file test after hardening. The photomicrograph shown in 
the upper right hand portion of Fig. 4 shows a cross-section of 0.145 inch 
ball wire in the annealed condition as received. The mode of preparation of 


the micro-section and the original magnification are the same as for the pre- 
vious picture. The carbon content of the metal contained in the first 0.004 
inch taken off the radius was 0.51 per cent. This photograph illustrates 
the difference between the two types when viewed under the microscope. 
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A number of sections were examined under the microscope at highe 
magnification but it was difficult to identify the defective materials wit! 
any degree of certainty. This second type is more serious and is terme 








Fig. 3—In the upper left hand quarter is shown a piece of bar stock which has seams characteristic 


of Type 1. In the upper right hand quarter is shown two macro sections of a piped bar. The lowe: 
left hand photograph shows the sparkling outer ring on the edges of a hardened bar. This condition is 
due to decarbonization. In the lower mght hand quarter is shown three etched pieces of decarbonized 


wire. Wire A has the normal appearance of good stock while B and C are finely and coarsely mottled 
This mottled condition generally indicates the presence of decarbonization. 


“graded decarbonization.” All decarbonization is more or less graded but 
in this type it is accentuated. The surface of the metal may contain per- 
haps 0.50 per cent carbon; 0.004 inch farther in 0.60 per cent, 0.004 inch 
more may reveal 0.70 per cent carbon, and so on. ‘Tables I and II 
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how the manner in which the carbon content increases as the center of 
the stock 1s approached, also that the quantity of carbon at any given depth 
varies greatly in different coils. This type also varies throughout the length 
of the coil both as to depth and continuity. It is very difficult to detect 
with certainty either under a microscope or with the file test after hardening. 
It has been found in hardening this type that the number of defective balls, 
that is balls showing one or more soft areas after heat treatment, may 
he decreased by the following methods: 

1. Hardening additional times 
2. By raising the temperature from which the balls are quenched 
3. Quenching in water, if the balls are of a size which is usually 
quenched in oil 

4. By tumbling after the first heat treatment in order that the scale 
formed thereby will be removed, and then giving the balls an additional hard- 
ening. All of these practices may tend to reduce the loss sustained by use 
of this type of metal, but it will be found that the only way to produce 
halls which possess uniformly hard surfaces is to reject this type of materia! 
when found, without making any attempt to use the stock by changing shop 
practice. The positive proof of the presence of this second type of decar- 
honization 1s PA analyzing the different layers for carbon, but this represents 


a long job and is slow and difficult in cases where wires of small cross- 
section are tested. 


oJ. 


The distribution of the decarbonized areas sometimes causes a great 
deal of difficulty when attempting to detect the presence of decarbonization 
ina given lot of wire. This condition is more serious when the decarbonized 
sections are of small size, often less than 14 inch in length and appearing on 
one side of the wire only, not necessarily around the section. These spots 
will appear at irregular intervals throughout the coil length but not necessarily 
on the same side of the wire. In the regul: ir test for decarbonization we heat 
treat small sections of the wire without removing any of the surface metal, 
but when in doubt we remove the first 0.004 inches on radius from the 
wire being examined. In cases of the type in question we have found that 
small sections which would not harden correctly would be present even after 
the removal of the surface metal, before hardening, to a depth equivalent 
to our maximum permissible limit for decarbonization. Owing to the fact 
that these areas are so small it would be almost impossible to prove the exist- 
ence of decarbonization by removing metal from the sections in question and 
analyzing them for carbon. 


It can be deduced from the previous remarks that the microscopic 
examination of chrome carbon ball stock for the presence of decarbonization 
is not a reliable laboratory method for the protection of the customer agains 
this type of defect. Decarbonization is tested in our laboratory by heat- 
ing small samples of the wire in an electric furnace and quenching them 
in oil or water from a temperature which is a little higher than that actually 
required to produce the grain structure we desire in our finished product. This 
practice tends to eliminate disputes arising from the question of under- 
heat, i cases where the presence of decarbonization is questioned. The 
test pieces are quenched from a-metal tray in sets so as to produce uniform- 
ity and prevent any chilling effect of the tongs. The tray is supported above 
the bottom of the furnace to insure against any lack of uniformity in 
heating. The samples are quenched from a slow rising temperature while 


the heat treatment is recorded on a recordering pyrometer. Wire smaller 
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than 0.235 inches is quenched in oil which is at room temperature, wh‘ 
stock of larger section 1s quenched in water. At one time we had a dispu! 
with a mill over a shipment of steel which we claimed would not hard 
satisfactorily. The mill contended that the temperature of the oil shou! 
range between 100 degrees and 140 degrees [fahr. as the increased co; 





Fig. 4—The upper left hand photomicrograph taken at X 75 shows the first 
where the surface of the stock is almost entirely free from carbon. In the upper right hand photomicro 
graph taken at X 75 is shown the second type of decarbonization known as graded decarbonization lt 
the lower left hand photomicrograph taken at X 1000 is shown a large grain structure bounded b 
carbides and accompanied with pearlite. This condition is due to faulty mill practice In the lowe 


right hand photomicrograph taken at X 1000 is shown the spheroidized structure which. is preferred 
having well dissolved and distributed 


type of decarbonizatio 


( arbides. 


ductivity of the oil at that temperature would produce more effective harden- 
ing. One set of samples of the stock in question was quenched in oil at 
room temperature (approximately 75 degrees Fahr.) 


while the other se! 
was quenched in oil at 120 degrees Fahr. 


[If any improvement was present 


in the test pieces quenched in the hot oil it was not very marked, and cer 
tainly was not 


apable of convincing us that it was necessary to use heated 


i 
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il when hardening good ball steel. If the difference in temperature, of 
the range cited, would produce a marked effect in the hardness of ball 
stock, we would experience trouble more often in our regular hardening 
room practice on starting a furnace when the oil in the tank had dropped 
to room temperature than after the same furnace had run for a number of 
hours. This condition would become apparent to us when you consider that 
the balls are examined for what we term superficial softness, which means 
that the amount of softness when present will allow the operator to seratch 
the surface of a ball with a new file, but will not permit him to cut a 
small flat upon the ball. Considering the ideal shape of the surface of the 
ball for file attack, and the leverage which may be secured by use of a 10 
inch file, you will perceive that the test is most severe from a hardness 


Table I 
Graded Decarbonization 


Carbon Content Amount of Metal 
per cent Removed from Radius 
0.63 0.004 inches 
0. 67 0. 004 inches 
Q.79 0.005 inches 


Table II 


Graded Decarbonization 


Carbon content Amount of Metal 
per cent Removed from Radius 

0.47 0.004 inches 
0.67 0.004 inches 
0.83 0.005 inches 
0.93 0.005 inches 
0.99 0.006 inches 

Cross section of wire as rece ived cont ined 0.94 per cent carbon 


Cross section of wire after 5 cuts contained 0.97 per cent carbon 








— i ——————— —a ——- oo = ——— — a 


standpoint. In all of the tests that we use we endeavor to have them ap- 
proach as near as possible actual working conditions. 


In the production, 5/16 inch balls, which correspond to 0.235 inch wire, 
also balls of smaller diameter down to 1g inch, they are quenched in oil. Sizes 
smaller than 1g inch are water quenched as are also those larger than 
inches. We use only running city water in our water quenching operation. 
his applies to spheres 2 inches in diameter and larger. It might be men- 
tioned here that our 2-inch balls are hardened almost to the center by this 
type of quenching, 


5/16 


In hardening from a rotary furnace, the balls are fed into a screened 
hopper which in revolving removes any steel dust or loose dirt that may 
be present, while at every revolution an adjustable bucket supplies the re 
tort with a definite quantity of balls. The retort is made of a heat resist- 
ing alloy and has a spiral in its interior which causes the balls to travel to 
the discharge and where they slide down a short chute into the quench- 
ing bath. On entering the bath they are caught by a metal spiral which 
is enclosed with a heavy wire screen. They pass down this spiral to the 
bottom of the tank and are discharged into a wire basket 14 feet below the 
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surface. It is essential that the balls should not drop any great distance a) 
collide with either themselves, the chute, or the quenching spiral, as at tl 
stage some sizes have only from 0.003 inches to 0.004 inches excess stoc! MK 
and the metal being more. plastic while hot would flatten under the impact 1 

such an extent that these flat areas would not be entirely removed in,the finis! i 
ing operations and would thus render the balls useless. The water used ji; if 
the quenching bath flows outward from a tube in the center of the spiral of 
this tube having holes at several levels near the top supplies the coldest wate h 
where it is most needed. The behavior of the furnaces is indicated by record ' h 
ing pyrometers while a signal system consisting of a bank of lights inform m 
the operators of their furnace conditions. The temperature is _ recorde [ 
from two points in the larger furnaces and is plotted as one curve by a two 1 
point recorder. One point of each of the smaller furnaces is recorded and 

the position of the point is located slightly forward of the discharge openiny 1 
Gas is used for fuel and very little of the products of combustion ente: 
the retorts. 


Another very serious defect in ball steel are pipes. They prove ver, ly 
difficult for the ball manufacturer to guard against. In the upper right hand 
quarter of Fig. 3 is shown two macro-sections of a piped bar, one is a trans tl 
verse section while the other is longitudinal, both from the same test piece t] 

The piped condition is plainly visible in the center of each section. As 1 if 


f 
; 


protection against this defect we break and examine the hardened sections 01 ! 
wire which were used for the decarbonization test. In the case of bar: 

we grind the sawed ends of the samples and examine these. One coil or bai 

containing a pipe, is considered as sufficient cause for rejection of the ship 

ment. This seems drastic, but when piped stock is formed into balls, un 

less the balls break in hardening as they often do, the subsequent grinding 
laps the metal over the pipes. The pipes then become Very difficult to 
(letect by our inspection department, especially on the smaller sizes of balls. . 
At the bottom of Fig. 1-is shown pieces of broken balls which were piped. ( 
The included slag is readily discernible in several of the pieces. It will be 

noted that the piped areas are smaller at the ends than at the center and 
that the surface metal has been rolled over the ends of the pipes thus ob- 

scuring them. 


In the case of wire it is necessary to specify Brinell hardness limits 
These are 175 to 200 using a 1000 kilogram pressure and a 5 millimeter ball 
on account of the small cross section of the stock. The Brinell impressions 
are taken on the center of the transverse section and not on the outside. 
Cold upsetting a 1.00 per cent carbon, 1.00 per cent chromium steel at the 
rate of 100 per minute as a single stroke operation, is hard on dies, hence 
the upper limit. A lower limit is required .because metal which is too sof: 
tends to stick in the dies and does not shear satisfactorily. In shearing steel 
that is too soft the slug tends to bend a little too much just before the shear 
| has completed its work. This causes a small piece of metal to remain 
protruding from the end of the slug and during the forming operation this 
is pressed into the ball. On subsequent grinding the lapped metal drops out 
leaving a cavity which is not removed during the finishing operation. In ad- 
dition to this the slug tends to pass into the cavities at an angle which pro- 
duces other complications, often resulting in damage to the machine. 





The following points regarding size tolerance of raw material will he 
of interest. Wire up to and including 0.440 inches is ordered cold drawn 
to plus or minus 0.002 inches of a given size, and is supplied annealed to 
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meet our Brinell requirements. Rod for hot pressing is cold drawn to plus 
x minus 0.004 inches and is not annealed after cold drawing as this stock is 
iot sheared and hot formed. Rod for forging is given a tolerance which 
aries with the size of the stock, for example, bars under 114 inches in 
liameter are ordered minus O and within plus 0.012 inches. The diameter 
if the stock is considered as the mean of the largest and smallest diameters 
of the bar. In the case of wire and rod for cold and hot pressing, we find 
hat when the stock has as little play within the quill as possible, we get 
he best results in shearing. Rods which are used for hot pressing require 
more play than wire which is fed automatically in the cold pressing operation. 
[his is rendered necessary by the variations in expansion of the bars at dif- 
ferent temperatures also on account of the stock being hand fed. 


It is this relationship between quill clearance and correct shearing con- 
ditions that accounts for the close tolerance required in stock sizes used 
for cold and hot upsetting. On account of it being necessary to have this 
creater clearance in the quill used for hot pressing, we have increased slight- 
ly the tolerance of stock for hot pressing over that used for cold forming, 
hus reducing the cost of the ‘raw material. Our experience has indicated 
that hand feeding stock when hot pressing is more advantageous than using 
the complicated apparatus which is necessary to correctly heat the rod, feed 
it into the machine, shear it, and form it into a satisfactory ball blank. Also, 
n the case of imperfect shearing or other accident, the stock can-be more 
readily withdrawn avoiding damage to the machine. The machine that is 
used for hot pressing, forms at the rate of from 60 to 70 blanks per minute. 
in forging, a definite amount of stock is required to fill out the ball blanks. 
(his explains the need for a zero minus tolerance, while stock carrying too 
creat an excess on diameter produces an overfilled ball and the removal 
of this extra metal increases the cost of the resultant product. Stock for 
lorging is supplied in multiple lengths which reduces loss through short 
ends. Rust or lead adhering to the surface of wire used for cold pressing 
is very objectionable as it gradually collects in the dies during the forming 
operation, producing a binding action on the newly formed ball blanks, thus 
retarding their discharge by the knockout pins. When this occurs another 
slug is fed over to the dies before the ball escapes and a “‘double-header,” 
as it is ealled, is formed. This double-header often breaks the ‘“‘cut-off” 
and frequently does other damage. 

Occasionally we have trouble where the grain structure of the metal 
as received is too coarse. The ball manufacturer cannot afford to correct 
this condition, nor would it be wise for him to attempt it, even if it could 
be corrected, therefore we reject this type of material. This coarse grain 
structure is usually discovered in our laboratory tests at the time the stock 
is received. The appearance of the fractured ends of the heat treated sec- 
tions used for the decarbonization test usually gives us a clue to the pre- 
sence of this type of defect which is later confirmed by laboratory examin- 
ation. With one exception this fault has appeared in wire sizes only. Balls 
made from this class of metal would not support their required minimum 
load at the heat treating stage, while the fractures would be coarse grained 
and dead. This condition is very rare and is usually accompanied by ex- 
cessive decarbonization. The lower left hand quarter of Fig. 4 shows 
a photomicrograph of 0.365 inch ball wire. The large grain structure 
bounded by carbides also the accompanying pearlite is clearly defined. 
This steel apparently had been subjected to a very high temperature at the 
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mill, followed by very slow cooling. ‘The magnification of this transy 
section is LOOOX. The steel is as received. The photomicrograph in 
lower right hand quarter of Fig. 4 shows a transverse section of 0.3 
inch wire, as received. The magnification is 1OOOX, the same as the } 
vious picture. This is the spheroidized structure which we prefer, havi 
well dissolved and distributed carbides. 








= 
_ 
BY 
” 
- 
7 
a 
. 
- 
a 
- 
- 





Fig. 5—Showing the jig used in the testing of balls when determining their crushing 
strength. Three balls are superimposed between a plunger and a supporting anvil. The 
pressure is applied by means of a universal testing machine. A number of fractured balls 


are shown below. The rugged appearance of the fractures and the fine, uniform grain 
structure are clearly defined 


Fig. 5 shows the jig used in the testing of balls when determining the: 
crushing strength. The three balls are superimposed between a plunge! 
and a supporting anvil. The pressure is applied through the plunger by © 
universal testing machine. Small V blocks are used to align the balls, whil: 
a guard placed around them protects the operator during the test. A num 
ber of fractured balls are shown below the testing machine. The rugged 
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appearance of the fractures and the fine, uniform grain structure are clear- 
ly defined. 

In hardening balls we aim to produce a surface which will resist be 
ing attacked by a file, and at the same time, we endeavor to preserve the 
clastic properties of the metal so that the balls will render. satisfactory 
service in bearings and not fail under varying stresses. No doubt, resist 
ince to fatigue is also insured, to some extent, by the uniform surface 
hardness and its necessary accompanying uniformity of structure through 


out the ball. In addition, the high degree of surface finish possessed by 
the balls probably aids materially, as well as the immersion in boiling water 
after hardening. ‘This treatment in hot water has an ageing effect bv 
providing an opportunity for the release of internal stresses. The fact that 


we have extremely few complaints where our best grade of balls are sub 
jected to the most exacting conditions of service, appears to verify these 
conclusions. In case of question, we can identify the troostitic areas on 
the finished balls where very small sections of softness occur. Sometimes 
these small sections are no larger than the head of an ordinary pin. 

The Brinell hardness value of the finished balls is in the neighborhood 
of 650, this value being determined by the use of a 10 millimeter ball 


under a 3000 kilogram pressure. The Brinell impression 1s made on a 
small flat of convenient size which has been ground on the hardened sur 
face of the finished ball. The scleroscope hardness values vary with the 


mass and other factors, therefore it is necessary to refer to a plotted curve 
in order to determine the correct value for a given size of steel ball. Some- 
times we meet with hard sections in the wire coils. They are difficult to 
find in the laboratory examination of the shipment and are probably due 
to some fault at the mill which produces a lack of uniformity in the an 
nealing operation. A great deal of trouble is experienced when coiled wire 
contains hard spots. Quite often these extremely hard sections fail to shear 
correctly and sometimes they do not shear at all but simply break off in a 
very irregular manner. When wire breaks, instead of shearing, the lack of 
uniformity of the operation will cause the slug to be carried over between 
the dies at such an angle that serious damage is done during compression. 
\ slug made from wire which breaks will not make a good ball be 
cause cavities will usually be present at the poles of the finished ball owing 
to the irregularity of break at the original slug ends. 

In conclusion the writer desires to say that he realizes that a great 
deal more can be said regarding the requirements of good ball steel, but 
has only attempted to cover at this time, in more or less detail, the 
problems which most frequently confront the ball manufacturer when pur- 
chasing steel for the manufacture of a product which is expected to ful 
ill the most exacting requirements during service. 


Discussion of Mr. Freeland’s Paper 


MR. DANSE I want to compliment the speaker on his clarity of speech. 
| do not think we could have gotten anybody to explain this or any other prob- 
lem in better English or in a better manner. I want to thank Mr. Freeland 
on behalf of the Society. It is a very interesting subject to all of, us, ] 
am sure. Are there any questions you would like to ask him regarding 
this subject? He came very near telling it all but maybe he has not. One 
thing I would like to ask him is regarding service of balls for Brinell ma- 
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chines. Is it possible to insure service of 10 millimeter steel balls in Brin 
service on hard parts which run in the neighborhood of 500 to 520? 

MR. FREELAND That is a proposition we have been working | 
for some time. We have endeavored to procure a steel which would 
satisfactory when testing hard materials where the hardness values ran; 
anywhere between 500 to 700, or a little more. The difficulty is in pr 
curing a type of stock which when hardened will possess enough exc 
hardness over the material under test. We are using at the present time 
steel containing tungsten with a high percentage of carbon. During t¢! 
war, Government inspectors at our plant claimed that the Brinell balls mad 
from this steel would give a service of 200 tests as against the -regul: 
chromium steel ball which had previously been supplied and which the 
rejected after being used for about 40 determinations. Of course, the gre; 
difficulty to be overcome is the deformation which takes place in the Brine! 
ball and this is variable. We have no way of controlling this except | 
procuring a type of stock which will become extremely hard when correct! 
heat treated. In fact, we sacrifice somewhat a fine grain structure and 
cidentally some of the resistance of the balls to shock in our endeavor t 
produce a superhardness. This special Brinell ball is about 50 points hard 
than the regular chromium steel ball of the same size and is certainly, 
great deal tougher. I realize this is a very important problem. If anyon 
in the audience has any suggestions to give with reference to a steel tha! 
will be superior to the one we are using the speaker would be glad 
hear from him. 

UNANNOUNCED SPEAKER In the last paragraph I believe you 
said that the difficulty of the broken end was what spoiled the ball rath« 
than the brittleness of the material. 


MR. FREELAND I was considering the matter from an inspection 
standpoint. Supposing that the ball would otherwise be alright, it is cd 
fective from the beginning by the fact that there are cavities at the end 
of the ball owing to the irregularity of break. This would cause its 1 
jection by the inspection department. Sometimes the wire is brittle bu‘ 
will still shear. If this brittleness was caused by a slight irregularity o 
mill anneal or in drawing and the grain structure is not too-coarse the su) 
sequent heat treatment which it receives at our plant would correct 11 
Usually the hard spots are not long and most usually appear on one sic: 


of a coil. 

UNANNOUNCED SPEAKER Would that also apply to the irregu 
larities you found in decarbonization ? 

MR. FREELAND I think so. Of course, I am not at the mill, 
and in talking about a plant at which you are not located you do 
not know the fine details. The manner in which the decarbonization 1s 
distributed and from its irregularity of occurence in a given shipment ! 
would say that it may be caused in some cases by overheating the stock fo: 
rolling or in the normalizing and annealing operation of the rods before col 
drawing. It seems to me that when the graded condition occurs a small 
amount of carbon is first removed and later more carbon is removed from 
the surface with an accompanying diffusion of carbon from the section 0! 
higher carbon content toward the surface. The result is thus cumulatiy: 
and over a period and varies greatly. One coil may contain the required 
carbon content, say within 0.008 inch of the surface and the next tes’ 
piece of presumably the same heat treatment and anneal will require the r¢ 
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moval of 9.020 or 0.030 inch before sufficient carbon is reached. 


MR. WEBSTER Why is water quenching used for the two extremes 
ind oil for the medium size? 


MR. FREELAND In the case of balls which include sizes from 
5/16 inch down to 14 inch we find the oil quench most satisfactory 
ecause we obtain the necessary hardness and other required properties 
without resorting to a water quench which is more drastic, while with the 
smaller balls we are unable to obtain a uniform quench in oil because of 
he lack of uniformity in the loss of heat which occurs in these extremely 
small masses of metal during the transference of the balls from the heat- 
ng element to the quenching medium. This is not done automatically as 
is the case with larger sizes but the balls are heated in nickel-chromium 
tubes submerged in a lead bath and are then transferred to the quenching 
medium by inverting the tubes. Water being more drastic than oil as a 
quenching medium compensates for the loss of heat referred to. The larger 
sizes we quench in water to obtain the necessary penetration of hardness 
and this with the increased chromium content used in larger ball sizes pro- 
duces spheres of uniformly high load carrying capacity and endurance. 
We attempt to quench steel of the right chromium content in such a manner 
as to produce a ball of the required strength and surface hardness without 
unnecessary sacrifice of the elastic properties. 

MR. WEBSTER I was wondering if the small balls did not show 
more defects. 


MR. FREELAND The small balls show less defects mainly because 
ihe drawing at the mill tends to eliminate both decarbonization and seams 
by reducing their depth. As an illustration, a short time ago we rejectel 
a shipment of 0.365-inch ball wire on account of the presence of a small 
amount of decarbonization. The mill in question asked if we would be 
willing to have them take the material back and reduce it to 0.320 inch 
or a size smaller in order to reduce the depth of decarbonization to an 
amount within our permissible limit. We agreed that this would be satis- 
factory but the defect would have to be eliminated. We have less loss 
through fire-cracked and part soft balls on small stock than on large 
for that reason. 

MR. DANSE Would you mind telling us something of the class of 
steels used for header dies? 

MR. FREELAND The die steel proposition is a serious affair with 
us because it affects the rate of production and on account of die cost. 
We have tried nearly all steels including a number of freak steels and foun: 
straight carbon steel ranging from 1.00 per cent to 1.10 per cent far 
superior to any of the alloys including vanadium, chrome vanadium and 
others of those alloys which you might think would be satisfactory. We have 
found crucible die steel which has been hammered in two directions and rolled 
to a round of required size superior to the same type of steel where the 
stock has been upset. We could prebably use a little lower carbon, perhaps 
0.90 per cent to 0.95 per cent except for the fact that our die cavities are 
small, thus rendering it very difficult to get the depth of penetration re- 
quired at the bottom of the cavity. Many steels that appear to have worked 
for other people have not stood up for us. 

With reference to shearing blades, I might say that we use a steel con 
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taining between 12 per cent and 14 per cent chromium, heat treated 
quenching in oil from a temperature from 1650 degrees Fahr. to 1700 
grees Ifahr. | thought at one time that this temperature was a little e: 
cessive so we tried about 100 degrees lower but it did not make a: 
marked difference. We get excellent results at that temperature, therefo: 
we did not make any change. 

MR. WEBSTER May I ask if there is a marked difference betwe 
the cold pressed as compared to hot pressed balls? 

MR. FREELAND I can answer a part of your question and a pai 
| cannot answer. ‘The weakest line of a ball is along the line of origina 
rolling of the stock. When we upset the ball we tend ‘to destroy th 
structure somewhat, but nevertheless, when the plane of applied pressur 
is across the end grain of the stock and not in a line with it the ball su 
ports the greatest load. There is not a great deal of difference but the: 
is some. I do not believe there is a marked difference between hot presse: 
balls and those which have been cold formed. If the subsequent heat treat 
ment would remove the effect of original working at the mills we would 
not expect to find any difference in the balls whether compressed throug! 
the equator or in a line with the poles. In hot forming the stock is heate 
up to about 1800 degrees Fahr. and then worked. If the heat treatment 
the cold headed balls receive does not remove the effect of original rolline 
even after the steel has been upset into the form of a ball blank it is not 
likely that the hot pressing operation would produce a different resul’ 
There is one marked advantage in hot pressing over forging and that is thai 
the metal in hot forming is not heated to the high temperature which 
usually used in forging and the finishing temperature is much closer to the 
critical point of the steel. The internal strains arising from cold pressing 
are greater than those from hot pressing but in both cases these are relieved 
by the subsequent heat treatment, while after being quenched, the balls are 
immersed in boiling water for at least one hour and this tends to reliev« 
the hardening strains without affecting the surface hardness of the ball 
The crushing pressures of our cold and hot formed balls conform to tl: 
same formula. . 

UNANNOUNCED SPEAKER I would like to ask Mr. Freeland 
how he quenches the dies, especially the surface where the heading is done, 
where the enormous pressure comes in the process of forming. 

MR. FREELAND If we had a blackboard I could show you. The 
quenching jig 1s shaped somewhat like a cup with water coming up through 
the center while the die rests in this cup supported by a small ledge oi 
metal, most of the die face being exposed to the action of the quenching 
medium. At the bottom edge of this cup are holes for the escape of th: 
excess’ water while the pressure used is sufficient to drive the water through 
the cavity and up through the knock-out pin hole thus eliminating an) 
possibility of a gas pocket. The cold water runs continuously. It will be 
seen that the preferential quench is at the cavity. This is the most suc 
cessful method that we have found. We have tried quenching by complete 
immersion in water but in this case the cavities were not hard enough. 

We at one time prepared a jig by means of which the dies could be 
completely immersed in running water while a preferential quench was givet 
to the cavity itself but this was not satisfactory. The dies appeared to 
be too hard and would chip or break. The jig was constructed of four 
rods joined by a circular section of metal at the top and bottom. The rods 
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vere equally spaced and were far enough apart to accommodate the die 
eing quenched and were about 30 inches long. This jig was immersed 

a tank of running water while a pipe which conveyed a stream of water 
inder high pressure was projected into and centered in the bottom of this 
iy. In order to quench the dies it was only necessary to invert them 
ind place them in the jig down which they would pass until they came in 
ontact with the pipe at the bottom. By this means a stream of water would 
e forced through the die cavity and knock-out pin hole, while the balance 
{ the die would receive a complete quench owing to its immersion. 

With turther refererce to the composition and type of die steel used in 
eading | would like to say that on two occasions we made service tests 01 
1.00 per cent carbon, 0.2 per cent vanadium steel and much to our. sur- 
prise the average life was about 25 per cent below straight carbon. steel 
\Ve have also tried upsetting dies. We procured a block of steel and upset 
it, in our endeavor to avoid the porous condition at the center of the die 
tock. At another time we cut the dies from the side of a block of. steel. 
(his permitted us to sink the die cavities across the grain instead of with 
t. We found that our results in both cases were about the same as when 
vanadium was present, namely three-fourths of our normal die life, causing 
us to draw the conclusion that a satisfactory die for our purpose should 
have its length conform to the direction of the original working of .the metal. 
UNANNOUNCED SPEAKER About how many balls do you get out 


of an average die? 


MR. FREELAND An average die will produce from 30,000 to 50, 
QOO balls of '%-inch diameter. 

MR. WEBSTER How do they fail? 

MR. FREELAND They fail by two methods. In one case the cavity 
of the die at the point of contact of the slug, checks; in the other case, their 
failure is caused by the cavity sinking under the impact. 

MR. WEBSTER Have you attempted to rework these dies and do 
they last longer after reworking? 

MR. FREELAND We rework them except in cases where they 
crack, 

With reference to the life of a die after being reworked, I do not 
believe there 1s much difference. When dies fail, the failure usually occurs 
during the first 20 minutes of service. 

MR. WEBSTER Do you find a wide variation in the production of 
dies made from the same bar of steel? 

MR. FREELAND 1 would say yes. Sometimes it is more marked 
than at other times. I think that one of the reasons why the die prob- 
ably fails so quickly is because the cavity is sunk in the weakest part of 
the section where the most porosity exists; namely, the center of the bar: 

MR. WEBSTER Do I understand that you run these dies in relays * 

MR. FREELAND We usually run the dies until they fail or require 
redressing, except when changing to another ball size. 

MR. WEBSTER I was just wondering if it was a fatigue test. 

MR. FREELAND Yes, it is practically a fatigue test because they 
are usually run to destruction. 

MR. WEBSTER About what Brinell hardness do you use? 

MR. FREELAND The scleroscope hardness at the cavity is in th 
neighborhood of 85. I do not know the exact Brinell value. 
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MR. WEBSTER Have you experienced any difference in the quality 
the ball where you use different heading rates? 

MR. FREELAND ‘The only way that I can answer that question 
to say that a 5¢-inch ball is formed at the rate of about 80 a minute; t 
smaller sizes, say from 14 inch to 14 inch, at about 135 a minute. \\ 
require a minimum crushing pressure in the hardening room test 
heat treated balls and the same formula applies to all sizes between 14-in 
and 114-inch balls, and all balls which are released must meet this requir: 
ment, so | do not believe that the rate of upsetting, within the limits \ 
use, affects the quality of the ball. 

MR. WEBSTER I presume the number of diameters you 
the slug to upset would have something to do with it. 

MR. FREELAND Yes. The finished ball diameter is about 55 p 
cent greater than the diameter of the slug from which it is made. 

MR. WEBSTER ‘The number of diameters would have to be approx 
mately close to two, I imagine. 

MR. FREELAND I could not say exactly. We have determined 
series of slug lengths for different sizes which will feed correctly and pri 
well without buckling, etc. I would say that the factor is probably two 
two and one-half times. 

MR. WEBSTER Does your experience in forming this wire indicat 
that the flash is more pronounced on one side than on the other? 

MR. FREELAND No. Usually the ball blanks are well balanced. An 
case where the flash is more pronounced on one side than the other would 
be caused by displacement of the dies. A number of things might produc 
this, for instance, stock of irregular hardness would tend to shock the 
machine in such a manner as to displace the dies slightly. 

MR. WEBSTER Sometimes in drawing wire the radius of the draw 
ing die is eccentric to the hole of the drawing die, and it gives you eccentri 
city of draw, and for this reason the wire is of different hardness on one sil 
than it is on the other. I was just wondering if this made enough di! 
ference to affect ball production. 

MR. FREELAND I have no reason to believe that it does. I believ: 
the trouble we experience from hard sections in the wire is of different 
source, 

UNANNOUNCED SPEAKER I would like to ask the gentleman 
what his idea of a good steel for headers is. 

MR. FREELAND The header man is looking for a steel that wi!! 
stand a tremendous amount of shock. The die cavity has to resist the tend 
ency toward distortion in service, which is quite great. The die should not 
break under impact, neither should the cavity crack, check or sink, and tl 
bottom of the cavity at the junction of the knockout pin hole must not peen 
over in service. <A _ straight carbon steel most closely meets these re 
quirements. 

UNANNOUNCED SPEAKER Mr. Chairman, I 
the speaker just what is the manner of ball inspection? 

MR. FREELAND The balls are inspected by visual examination, 
that is, the balls which are sent to the customers to fill their orders. The, 
are examined on plates equipped with special reflectors arranged in such a 
manner as to counteract the glare caused by ‘the bright light shining upor 
the mirror-like surface -of the balls. The balls are revolved by moving 
flexible card upon which they rest, thus exposing all parts of their surfaces 
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view. The girls who do this work become very accurate in identifying 
ills having soft sections, seams, laps, or any defects. It takes six months 
} train a girl for microinspection, that is, a girl who is capable of inspecting 
ur highest grade balls without the necessity of having her work continually 
hecked. The way we maintain our standards 
¢ every day the different sizes of balls being 
this case is chiefly for concealed defects, that 
re not visible to the inspector. 


is by the laboratory checl:- 
inspected. The examination 
is, defects in the ball which 
The surface hardness, crushing loads and 
ractures are also checked at this time. 

UNANNOUNCED SPEAKER Do _ the 
isual examination ? 

MR. FREELAND Yes. They show up in two ways. In one case 
the soft areas have a battered appearance, while in the other case the color 
is different. A soft spot on a ball is usually a darker color than the 
remainder of the highly polished surface. 


soft spots show up in a 


Possibly it is the troostitic con- 
dition of the steel at the point of softness that makes it actually darker. 

MR. DANSE Is that 100 per cent inspection on each and every ball? 

MR. FREELAND Yes. 

MR. DANSE Do you use the bounce test for hardness? 

MR. FREELAND No. The only time when this apparatus is used 
when somebody in the plant accidently mixes hard and soft balls and it 
necessary to separate them. ‘This test is very interesting and_ possibly 

something could be developed from it. During the war it was necessary 
to furnish a few thousand balls which had to be super-hard. As | 
ber it, the ball size was ™ inch. 
duction were of 


remem- 
Our regular balls passing through pro- 
such uniform hardness that ordinary inspection methods 
would not differentiate between balls which were slightly harder than our 
normal stock. In this case we used the bounce test by means of which we 
were able to separate accurately balls which were two _ points, 


scleroscope, 
harder than their fellows. 


In this test the balls roll down a groove from which they drop to a 
hardened steel block and bounce from there over a hurdle-like arrangement 
into a box. 


Only the hardest balls are capable of passing over the hurdle. 
\Ve found after we had bounced the balls six or seven times that all balls 
with soft spots were removed, and we were unable to determine the exist- 
ence of any difference in the remaining balls by use of the scleroscope. 
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Comment and Discussion 


Papers and Articles Presented Before the Society and Published in 
Transactions Are Open to Comment and Criticism in This 
Column—Members Submitting Discussions Are Requested 
to Give Their Names and Addresses 


a CEI et 


A DISCUSSION OF LANCELOT W. WILD’S PAPER ENTITLED 
“THE INFLUENCE OF HEAT TREATMENT UPON THE 
MAGNETIC PROPERTIES OF STEEL” 


By N. J. Gebert 


Kk WILD states that the measurement of permeability and residual mag 
netism cannot be measured accurately except in ring form, or very 
long rods, which must be measured in pairs. The writer wishes to call atten 
tion to the fact that the latest developments of magnetic testing prove that 
this can be done on single specimens not in ring form, and also on almost 
any length. Scientific Papers of the Bureau of Standards No. 306, entitled 
“An Experimental Study of the Fahy Permeameter™ is quite descriptive of 
an outfit which will make permeability and residual magnetism tests. Sinc 
the publication of this paper, the Fahy Permeameters have been further de 
veloped, and absolute accuracy can be obtained. This latest development of 
magnetic testing shows that accuracy can be obtained on material of th« 
highest permeability and materials of low permeability with no change in 
the set up. This applies to the best Norway iron, silicon sheets for trans 
formers, and electrolytic iron. 


















The writer is at a loss to account for the values of magnetic intensity 
which are shown on Table Il. In my paper, printed in the Journal of the 
American Steel Treaters’ Society, June, 1919, to which Mr. Wild refers 
in his bibliography, there isa direct comparison on the same kind of steel. | 
refer to nickel steel of 0.42 per cent carbon and 3.58 nickel. Mr. Wild show, 
reading of magnetic intensity of 20.7 with the draw 100 degrees Cent., a read 
ing of 20.75, with a draw of 200 degrees Cent., whereas measurements which 
I have made show a reading of 17,000 Gauss per square centimeter at 
100 degrees Cent. draw, and 19,900 with a draw of 200 degrees Cent 
Also at draw of 300 degrees Cent., Mr. Wild shows a reading of 20.9, 
whereas I attained 20,050. It would, undoubtedly, be very difficult to ob 
serve the small differences of magnetic intensity which Mr. Wild shows, as the 
results which were shown in my method of testing, using the Fahy Per 
meameter, give much greater differences. 

Mr. Wild further states that the galvanometer employed was not. sutt 
ciently sensitive to bring out the changes that really occurred in the coercive 
force of iron. ‘This may account for his very slight differentiation in the 
magnetic intensity at various drawing temperatures, as the outfit which | 
employed was sensitive enough to test the coercive force, permeability, residual 
induction, etc., of any magnetic material. 
















A written discussion of Lancelot W. Wild’s paper presented by title at the In 
; dianapolis Convention and published in Transactions May 1922. The author, N. J 
Gebert, is metallurgist, American Chain Company, York, Pa. 
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Mr. Wild's results on the values of coercive force-—Table I1l—agree 
very closely with the results which the writer obtained. ‘Therefore, | am at 
complete loss to understand his readings on magnetic intensity, unless Mr 
\Wild’s outfit, particularly the galvanometer, is not sensitive enough to record 


ccurately the slight differences in magnetic intensity. 
AUTHOR’S REPLY 

Mr. Gebert is a strong advocate for the Fahy permeameter. Though | 
idmire the ingenuity that has been displayed in the development of this ap 
paratus, yet | am sorry to be unable to endorse Mr. Gebert’s good opmion 
if it when applied to heat-treatment problems. 

| know the Fahy permeameter. The Bureau of Standards have very 
xindly kept me supplied with all their publications from the commencement 
(for which | am really grateful), and as | have been rather specializing in 
magnetic testing for more than twenty years, | have naturally followed with 
keen interest all developments of this nature. 

Like most other magnetic testing apparatus, the Fahy permeameter 
suffers from the disability that the liability to error increases as the length 
of the test specimen is decreased. Frankly | should consider it beyond 
my powers to obtain systematic accuracy on test pieces measuring 1 x 14 
inches with the Fahy apparatus. 

lor the investigation of the “why and the wherefore” of steel hardening 
| have so far found that the measurement of saturation intensity has proved 
the most fruitful in results. For this measurement I require to employ 
short specimens. If on the same test pieces | could obtain the permeability 
at 1 or 2 points on the magnetization curve and the residual magnetism as 
well, I should certainly like to have them, although | do not at present see 
what would be gained. I do not, however, see my way to obtaining the 
precision required without materially lengthening the specimens. 

Mr. Gebert appears to be surprised that when measuring inductions in 
unsaturated steel, he obtains values over a wider range than I obtain for 
measurements of saturation intensity. This appears to me perfectly natural. 

With unsaturated steel the flux density depends upon two factors, namely, 
the ultimate magnetizability of the steel, and the mobility of the molecular 
magnets (a vile phrase but orthodox). 

My measurement of saturation intensity implies the magnetizability of 
ihe steel alone and undiluted. It appears to me the better plan ta measure 
ultimate quantities singly when one can do it. Mr. Gebert’s permeability 
measurements really require analysis into their two components, an analysis 
which no one has yet succeeded in effecting. 

In short, I am not out to obtain haphazard value ranges only, but. tc 
obtain values which can be reduced to fundamentals and employed for the 
purpose of analysis, the ultimate goal being a complete explanation of all 
the structural changes that take place in steel when heated and quenched under 
all sorts of conditions. 

Since my paper was written about a year ago, I have made considerable 
advances in this direction, but I am not yet quite prepared to face destructive 
criticism of my analytical methods. 

Mr. Gebert appears to have rather missed the point in his reference to 
my tests on iron. The tests for saturation intensity were carried out with 
the utmost care and very high precision, it beng particularly desired to ascer- 


(Continued on Page 928) 
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The Question Box 


A Column Devoted to the Asking, Answering and Discussing of 
Practical Questions in Heat Treatment—Members Submitting 
Answers and Discussions Are Requested to Refer to 
Serial Numbers of Questions. 

















NEW QUESTIONS 


QUESTION NO. 32. In choosing a carburizer, what are the esse) 
tial features that should be considered? 











QUESTION NO. 33. What is the role of nickel in steels? 


QUESTION NO. 34. What is meant by the critical range or trans 
formation range in a steel? 


QUESTION NO. 35. What is the difference between red annealed and 
blue annealed sheet steel? 













QUESTION NO. 36. Can mixed lots of steel be identified with a ce 
tainty by the aid of the grinding wheel spark test? 


OLD QUESTIONS AND ANSWERS 








QUESTION NO. 8. 
steel? 


What is the effect of high and low silicon in tool 


QUESTION NO. 10. What surface of steel, that is, machined, cold 
rolled, hot rolled or cold drawn, carbonizes fastest and why? 


ANSWER. By W. S. Bidle and B. F. Weston. Although experience 
had shown that there should be little if any difference in the rate of carbon 
penetration when treated under the same conditions, on the same steel 
whether it be cold rolled or drawn or hot rolled or machined condition se\ 
eral test pieces were submitted to a carburizing treatment, to check up this 
assumption. Mr. Weston, metallurgist of the Union Drawn Steel Company, 
reported the results of his tests as follows: 



















Steel specimen No. 1 was a 13/16 inch round hot rolled bar which 
was drawn to % inch in diameter having a carbon content of 0.20 per cent 
and a manganese content of 0.47 per cent. 

Steel specimen No. 2 was of the same size as No. 1 having a carbon con- 
tent of 0.21 per cent and a manganese content of 0.58 per cent and a nickel 
of 3.38 per cent. 

Steel specimen No. 3 was of the same size as the first two and of the 
ordinary screw stock analysis. 

Before drawing steel No. 1 the hot rolled bar was pickled to remove 
scale. Each of the specimens were cut 4 inches long and were packed in a car- 
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burizing material made by a well known company allowing 1 inch of ma- 
terial between the side of the box and between each specimen. . The box 
was placed in the heating furnace with a pyrometer thermocouple nearly 
touching the box and was heated for 444 hours from the time it had reached 
1700 degrees Fahr. The box was allowed to cool in and with the furnace. 

A section % inch thick comprising 2 the area of each bar was polished 
and etched and the depth of penetration was measured by means of a 
inicrometer microscope at a magnification of approximately 27 diameters. The 
following results were obtained: 


Steel No. 1 Hot Rolled depth of case ............ 0.033 inch 
Steel No. 1 Cold Drawn depth of case ............ 0.034 inch 


Steel No. 2 Hot Rolled depth of case ............. 0.044 inch 
Steel No. 2 Cold Drawn depth of case ............ 0.047 inch 
Steel No. 3 Hot Rolled depth of case .............. 0.034 inch 


Steel No. 3 Cold Drawn depth of case ............. 0.037 inch 











These measurements were made by two observers and it will be seen 
that a very slight difference if any, was observed in the depth of the case 
between the hot rolled and cold drawn specimens. 

Mr. Bidle reports the result of a similar test which had been made in 
his plant on some Bessemer screw stock. ‘The specimens had been prepared 
by taking the end off of the bar after being pickled and the adjoining end off 
of the same bar after it had been cold drawn. One specimen was left as 
pickled, one pickled bar was turned, one bar was left as cold drawn and 
the final piece was turned down slightly after cold drawing. 

All of these specimens were packed in the same carburizing box heated 
to the carburizing temperature and cooled in the box and subsequently all 
four pieces were heated side by side and quenched. 













As there were no accurate means available for measuring the depths of 
case of these specimens, they were visualized by several different observers 
and in all cases the depth cf penetration appeared to be identical. 

This result checks up many years of experience in practical carburizing 
and heat treatment and appears to be the results which have been obtained by 
many other observers. ‘Therefore we believe that there is very little if anv 
difference in the rate of penetration on bars having different mechanical 
treatments. 








QUESTION NO. 12. How and why is cast iron heat treated? Is there 
such a process as ageing or seasoning castings other than by annealing? 











QUESTION NO. 23. Why 1s it that a piece of hot rolled steel. of 
a given composition, will not harden in oil after carbonizing to the de gree 
that a piece of the same composition will if first subjected to forging? 
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QUESTION NO. 24. Do steels of similar composition respond sim 
larly to case hardening operations, and providing these are properly conducte: 
will satisfactory results always be obtained 7? 


ANSWER. This question is answered quite fully in a paper present 
by EK. W. Ehn at the annual meeting of the Iron and Steel Institute in May 
1922. ‘This paper shows that certain steels although complying in all respect 
with the usual specifications regarding chemical and physical properties, ar 
quite unsuitable for carburizing. 

One of the chief causes for the failure of steel of the low carbon content 
to harden after it has been carburized, is due, to improper deoxidization o| 
the steel during melting. While the usual specifications for carburizing stee! 
are as follows: 


Per Cent 
gis oe eee ae aoe oe ce CP wae 
en se ee ee 0.35 to 0.65 
be ncila radars 0.040 
ae Eke ara ee aaa 0.040 


Carbon 
Manganese 
Phosphorus, below 
Sulphur, below 


Silicon 





there is no mention of the oxygen content. The degree of deoxidization of 
the steel affects directly all of the important factors which contribute to 
a properly carburized steel, such as maximum carbon content, depth of case, 
structure of the case and core and the way in which the carburized piece re 
sponds to final hardening. 

An extensive examination was made in an effort to determine the condi 
tions which frequently caused the rejection of carburized parts, due to soft 
spots even after extreme care had been exercised in carburizing and hardening 
At first these failures were attributed to improper carburizing and hardening 
practice but later was definitely determined as due to an inherent property in 
the steel itself. 

Further investigation proved that the difhculties were traceable to the in 
got and that the cause or effect of the difhculty was not removed in any succes 
sive operations or treatments. It was found that the presence of soft spots 
in the steel was always accompanied with a special fine-grained structure in the 
carburized part. Steel showing such a characteristic would be classed as ab 
normal although it apparently was of the same composition as a steel having 
a uniform hardness after the same treatment. Poorly or insufficiently de 
oxidized steel while having apparently the same composition as a well deox 
dized steel will give erratic results and almost always produce soft spots in the 
final product. 


QUESTION NO. 25. What is the difference between magnification and 
enlargement in taking photomicrographs? 

ANSWER. By Walter M. Mitchell, Philadelphia, Pa. 

In the customary use of the word “‘magnification” we refer to the direct 
magnification (apparent increase in size) of the object examined. If recorded 
by photography the magnification represents the number of times that the 
photographic image of the object is larger than the object itself. This is al- 
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ways considered in linear dimensions: i.e. diameters, and not in areas. The 
ereater magnification, the smaller the details of the object that will be made 
visible until the limit of resolving power is reached, after which no further 
details will be made visible no matter how much the magnification is increased. 
The resolving power is the ability to separate and render distinct ; 


s 1.e. to re 
solve” the finest details of the object. 


lt depends upon the physical properties 
of light and the constants of the microscope and is independent of the object 
itself. “Inlargement” as ordinarily used means enlargement, or magnification, 
of the photographic negative. Such enlargement can show only such details 
as are actually on the photographic negative. Due to the fact that the grains 
of metallic silver of which the photographic image is composed have a finite 
size there is a practical limit to the degree of enlargement which it is advisable 
to make. This will probably be about 7 to 10 times; above this the silver 
grains become conspicuous and give the resulting photograph a granular ap 
pearance. briefly, increased magnification will show finer details of the object 
itself, while enlargement can show no other details than those already on the 
photographic plate. 


OUESTION NO. 26. Does the pres WCe of pearlite iN the decarburized 
sone of a malleable iron casting effect the resistance of this casting to 
shocks? 

QUESTION NO. 27. What is the function of the high phosphorus 
and the high sulphur content in the so called automatic screw stock steel? 


QUESTION NO. 28. What ts the role of manganese 


In Slee 

In addition to the deoxidizing effect and also the desulphurizing effect of 
manganese in ordinary steels, wherein considerable of the manganese 
bines with sulphur forming MnS it is found that when manganese occurs 
in excess over the amount that is needed to form MnsS with the sulphur con 


CoM 


tent present, the excess manganese combines with some of the carbon forming 
Mn,C and this carbide is found associated with iron carbide Fe,C, 3 


in cemen 
tite. The prime effect, therefore, of manganese subsequent to its beneficial 
assistance in melting, is its effect upon the mechanical properties of steels. 
These effects pertain to varying percentages of manganese and are believed 
to be primarily due to the retarding action of this element on the transforma 
tions and on the coalescence of the micro-constituents into progressively 
coarser masses, which while increasing the ductility it lessens the cohesion 
in general, including the hardness and elastic limit, and thus lessens the 
effective strength. 

Manganese like most of the alloying elements such as carbon and nickel 
retard the transformation of steel in heating and cooling. In a steel contain 
ing 2 per cent manganese with 2 per cent carbon the transformation is so 
retarded the austenitic state is preserved when quenching thin sections. In 
a steel containing from 5 to 7 per cent manganese the transformation is so 
slow that even air cooling only goes as far as the intermediate 
state, which accounts for the brittleness of steels containing an intermediate 
amount of manganese. With a 12 to 13 per cent manganese content the 
transformation is so slow that the austenitic state is preserved ‘through 
slow cooling. Water quenching of a manganese steel of this composition is 
done for the purpose of suppressing the precipitation of the iron-manganese 


martensitic 
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carbide, cementite, which occurs on slow cooling, and not for the purpose | 
retaining an austenitic state. Broad plates ot this cementite embrittle t! 
mass by forming partings of low cohesion. 




























The commercial value of this higher manganese content steel seems to | 
due to its combination of high ductility with great effective hardnes: 
Initially this steel appears rather soft, having a Brinell hardness of 12 
on undeformed metal while this hardness increases very decidedly as a resu! 
of a small amount of deformation. 

The hardening of manganese steel due to deforming, resembles in part 
the same course which leads to the increase of cohesion in general, includin: 
hardness, of all of the malleable metals undergoing deformation, such 
wire drawing, and in part the martensitization of austenite. The r 
tarded transformation from austenite through martensite to the alpha 
state due to cooling through the transformation range, is held back by th« 
retarding action of manganese but is stimulated by any deformation to caus: 
it to proceed as far as the martensitic state, thus causing hardening and 
embrittling. | Martensitization by deformation thus stimulating arrested 
transformation is a common property of austenitic steels which have but 
small excess of the retarding elements over the quantity needed for the reten 
tion of the austenitic state. 


QUESTION NO, 29. Does the macrostructure of a piece of steel eve) 
reveal imperfections which cannot be observed under the microscope or 
through chemical analysis? 


ANSWER. The macrostructure, or the structure which is developed 
by polishing and deep etching with a suitable etching agent, a specimen of 
steel under examination very frequently reveals imperfections in the ma 
terial which are not detected through the ordinary methods of chemical, 
physical and microscopic examinations. The fibrous structure is revealed b) 
this type of etching as well as any dendritic conditions which may be of such 
a nature as to be detrimental. Full sized specimens, forgings, castings, etc.. 
may be treated by this method permitting an examination of flow lines or 
excessively large dendrites. Dilute solutions of sulphuric acid, nitric acid, 
hydrochloric acid, ammonium copper sulphate, tincture of iodine, etc., are 
the usual reagents used. This method of testing is rapidly coming into ex 
tensive use. 


QUESTION No. 30. How do the physical properties of a chrome 
molybdenum steel vary from the physical properties of a chrome vanadium 
steel after suiiable heat treatments have been given to each? 


QUESTION No. 3\. What is the effect of oxidizing gases at low pres 
sure on heated tron? 
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Abstracts of Technical Articles 


Brief Reviews of Publications of Interest 
to Metallurgists and Heat Treaters 
By H. E. Gladhill 


HEAT TREATING PROBLEMS 

RELATION OF TIME FOR HEATING ROUND SECTIONS 
TO SURFACE PER POUND OF STEEL EXPOSED. By E. J. 
Janitzky, Forcing ann Heat Treatinc, Vol. 8, Page 179. 

Using data presented by M. E. Leeds in a paper entitled “Some 
Neglected Phenomena in the Heat Treatment of Steel,” an equation is 
developed giving the time required to bring steel to heat in terms of sur- 
face and lag for a given temperature. 

Time = 5.3 (a constant) + Lag (a quantity depending on temp.) 


Surface in sq. in. per pound of steel 

MODERN METHODS OF MAKING LEAF SPRINGS. By 
EK. F. Lake, Iron Ace, Vol. 109, Page 1269. 

The plant of the American Auto Parts Co. is described. The 
forming (except for the eyes) and hardening operations are accom- 
plished with a single heating of the steel. The heating operations both 
for hardening and tempering are carried out in oil fired furnaces of the 
intermittent type. After tempering the springs are assembled and tested. 

METALLOGRAPHY AND HARDNESS THEORY 

A DISCUSSION OF THE SLIP INTERFERENCE THEORY 
OF HARDENING. By P. D. Merica, CHEMICAL AND 
K:NGINEERING, Vol. 26, Page 881. 

Merica considers that the keying action alone of the dispersed parti- 
cles 1s not sufficient to account for hardening, and that cohesive forces 
between the key particles and the matrix must be considered as _play- 
ing an important part. Two additional points; the fact that maximum 
hardness does not involve minimum ductility and that extreme cold 
work causes softening, are brought up. 

CRYSTAL GROWTH IN METALS. By G. R. 
ELrectric Review, Vol. 25, Page 305. 

Crystallization the effect of cold work on crystal structure, recrystal- 
lization, and grain growth are discussed in a general way. No 
data is presented. A well selected bibliography is given. 

ON DELAYED CRYSTALLIZATION IN CARBON STEELS: 
THE FORMATION OF PEARLITE, TROOSTITE AND MAR- 
TENSITE. By A. F. Hallimond, Presented at the May Meeting of the 
Iron and Steel Institute (London). 

The analogy between the equilibrium relations of a ferrite, cementite 
and austenite, and two mutually insoluble solids, crystallizing from a 
liquid solution, is well established, but similar relations for martensite and 
troostite are not yet well recognized. Study of the principles under- 
lying “delayed crystallization” offer possibilities. Investigations have 
developed that two regions, the metastable and the labile separated by 
the supersaturation curve are to be found below the stable equilibrium 
lines for many pairs of substances. A zone is also to be found in the 
metastable area in which the effect of inoculation (with an isomorphous 
substance) hecomes apparent. On reaching the !abile area, the sub- 
stance in solution will separate as’a shower of crystais. On this basis, 
marteusite is interpreted as being a labile shower of  a-ferrite 
and troostite as a labile shower of cementite. 

METALLURGICAL EDUCATION AND RESEARCH’ 

STEEL FOUNDRIES CO-OPERATE IN JOINT RESEARCH. 
By D. M. Avey, Iron Trave Review, Vol. 70, 1471. 

The Electric Steel Co. (Chicago), The Fort Pitt Steel Castings Co. 
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(McKeesport, Pa.), The Lebanon Steel Foundry (Lebanon, Pa.), The 
Michigan Steel Casting Co. (Detroit), and the Sivyer Steel Castings Co. 
(Milwaukee) make up the group. The method of co-operation is out 
lined. Maj. R. A. Bull has been retained as advising expert. Prob- 
lems investigated to date include abrasives, annealing, core practice, fac 
ing sand, turnace practice, and the effect of the presence of slag 
in castings. 


STEELS 

STEEL FOR FORGE WELDING. By F. N. Speller, Brast 
FURNACE AND STEEL PLANT, Vol. 10, Page 259. 

As a result of some 80 tests it was found that steel of 0.15-0.20 
per cent carbon is best suited for forge welding. Suitable material, 
well-trained operators, and adequate control facilities are essential for the 
uniform production of such welds. 

STEEL FOR CRANK SHAFTS: ITS HEAT TREATMENT. 
By H. C. Loudenbeck, Forcinc Ann Heat Treatine, Vol. 8, Page 181. 

Three classes of steel are used in crank shafts: (1) carbon stee!, 
annealed or hardened, (2) carbon steel, case hardened, and (3) alloy 
steels, heat treated. In class 1, S.A.E. 1035-1045 is used, in class 2, 
S.A.E. 1020 is used, and in class 3 the most commonly used is_ nickel 
chrome steel such as S.A.E. 3135. Chrome molybdenum and chrome 
vanadium steels are also used. The heat treatment and physical prop 
erties for each class of steel are given. 

BALL BEARING STEEL AND ITS HEAT TREATMENT. By 
C. T. Hewitt, Forcing ANp Heat TREATING, Vol. 8, Page 196. 

Steel used for ball bearings and races is usually high carbon steel, 
containing 0.60 to 1.50 per cent chromium. The lower chromium steel 
are used for the balls. The annealing and hardening operations used 
are described in general terms. 

THE USE OF MOLYBDENUM STEEL IN THE AUTOMO.- 
TIVE INDUSTRY. By J. D. Cutter, JourNAL Society or AvutTomo 
rive EnGineers, Vol. 10, Page 340. 

The use of chrome-molybdenum steels are recommended for automo- 
bile frames, a considerable reduction in weight being made possible thru 
their use. Carbon molybdenum steels are recommended for pressed steel 
parts. Manufacturing costs are said to be reduced thru the use of molyb- 
denum steels due (a) to their wide heat treating range and (b) their 
ease of machining. A discussion of the article is given. 


TESTS ON FERROUS MATERIALS 

REGENT RESEARCHES ON STATIC NOTCHED BAR 
TESTING. By H. A. Holz, CHEmMIcAL AND METALLURGICAL ENGINEERING, 
Vol. 26, Page 941. 

Curves showing the results obtained by pulling notched test pieces 
(Izod type) in a static machine are presented. More valuable data can 
be gained thru the use of the static machine since one can follow the test 
step by step, a thing not possible with impact machines. 

THE RESISTANCE TO TORSION AND BENDING OF 
STEELS BETWEEN ROOM TEMPERATURES AND VISIBLE 
RED. By M. J. Seigle, Revue pe Metariurcie, Vol. 19, Page 178. 

A method is described for demonstrating in a_ striking way the 
influence of temperature on the properties of steel. If small single 
groves are filed in uniform rods to be tested in torsion and sections oi 
these rods heated while being twisted, the grove will form a helix with 
turns closest together in that part of the rod which the temperature had 
rendered the most ductile. Similar tests may be carried out in tension, 
except that here a series of small nicks are spaced at even distances 
along the rod. 

THE TESTING OF DROP FORGINGS. By Leslie Aitcheson, 
FoRGING AND Heat TREATING, Vol. 8, Page 188. 

The tests which may be carried out advantageously on drop forgings 
are (a) chemical analysis, (b) physical tests, (c) microscopic examina 
tion, (d) macroscopic examination, (e) service tests, and (f) design 
tests. Tests a and b are recommended for the raw steel, tests b, d, e, and 
f for the drop forgings, and tests c, e, and f for forgings which fail 
in service. 
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UNIVERSAL STEEL CO., (S-6), Bridgeville, Pa. 
WHIPPLE, H. S., (M-6), Rockford Gas Light & Coke Co., Rockford, Ill. 
WRIGHT, C. O., (M-5), Indiana Natural Gas & Oil Co., East Chicago, Ind 


MAIL RETURNED 


FOSTER, W. H., 1321 Oliver St., Indianapolis,. Ind. 
JONES, J. H., 83 Main St., Bristol, Conn. 
STEPAN, Roessler & Hasslacher Chemical Co., Chicago, Ill. 


CHANGES OF ADDRESS 


BARR, H. L., (M-11)—from Follansbee Bros., Co., Follansbee, W. Va., to Trumbu! 
Steel Co., Warren, O. 

BUELL, Wm. C., (A-5)—from Geo. J. Hagan Co. to Buell-Scheib-Muller, In 
Columbia Bank Bldg., Pittsburgh, Pa. 

EDELIN, J. W., (M-5)—from 407 Evans Bldg., to 311 4th St., Washington, D. | 

EDINGER, J. J.—from 300 Hudson St., to 102 Hartford Rd., E. Syracuse, N. \ 

FOSS, F. F.—from Russian Embassy, to Care Mr. David White, Room 4241 In 
terior Bldg., Washington, D. C. 

HAWKINS, E. R., (M-4)—from 724 Delaware St., to 391 Adams St., Gary, Ind 

HOYT, H. S., (A-4)—from 745 Washington St., New York City, to A. Milne & C 
17 N. May St., Chicago, Ill. 

JOHNSON, P. A., (Jr-5)—from 4235 N. Springfield Ave., to 4933 N. Tripp Av: 
Chicago, Ill. 

JOHNSON, W. G., (M-3)—from 1811 Wyoming Ave., Washington, D. C., to 
Doehler Die Casting Co., Brooklyn, N. Y. 

KIEFER, H. G., (M-2)—from 1030 Beaconsfield Ave., to 1300 Seward Ave., D: 
troit, Mich. 

MARSHALL, G. D.—from 1444 E. 116th St., to 2484 Lee Road, Cleveland, O. 

POLHEMUS, G. J.—from 1238 Washington Blvd., Chicago, to Care Barbee Stee! 
& Iron Co., E. Water at Huron St., Milwaukee, Wis. 

PUTNAM, W. S.—from Universtiy of Ill, Urbana, Ill., to New Salem, Mass 

RHODES, P. S.—from 2721 Catherine St., to 4832 Vinewood, Detroit, Mich. 

RUBY, W. J., (M-2)—from 2174 E. Warne Ave., to 2019 E. John Ave., St. Louis 
Mo. 

STERLING, J. D., (A-4)—from Hoskins Mfg. Co., 410 Sloan Bldg., to 947 Leade: 
News Bldg., Cleveland, O 


(Continued from Page 919) 


tain whether any nonmagnetic iron could be trapped by rapid quenching o1 
otherwise. 

On the other hand the tests for coercive force were not at all exact. 
as the same coils and galvanometer were used as for the hardest steels. 

‘The method for measuring coercive force is, however, quite applicable 
to iron, merely an adjustment for sensitiveness being required. As a matter 
of fact, before this paper was written, I had already carried out quite an 
extensive investigation on the effect of heat treatment of iron, measuring 
the coercive force only by the method described in the paper. This was 
not added to the paper, as my desire was to do no more than to present a 
general survey of my subject. 
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News of the Chapters 







SCHEDULE OF REGULAR MEETING NIGHTS 


OR the convenience of visiting members, those chapters having regular 
meeting nights are listed below. It is desired that all secretaries 

whose chapters are not included in the list should communicate with the 
National Office in order that the list may be as complete as possible. 

Boston—Second Friday, Franklin Union, Corner Berkley and Apple- 
ton Sts., Meeting 8:00 P. M. 

Charleston—First Tuesday, Kanawah Hotel,-8 p. m. 

Chicago—Second Thursday, City Club, dinner 6:30 p. m., meeting 
S p. m. 

Hartford—Thursday nearest 10th of month, Jewell Hall, Y. M. C. A., 
7:45 p.m. 

New York—-Third Wednesday, Merchants Association of New York, 
\Voolworth Building. 

Philadelphia—Last Friday, Engineers Club. 

Pittsburgh—First Tuesday, Chatham Hotel, dinner 6:30 p. m 
meeting 8 p. m 

Rockford—Second Monday, Nelson Hotel. 

Rochester—Second Wednesday. 

Schenectady—Third Tuesday, Civil Engineering, Bldg., Union Col- 
lege. 

Tri City—First Thursday following first Monday. 

Washington—Second Friday. 


















STANDING OF THE CHAPTERS 


In the June issue of the TRANSACTIONS was published the standing of 
the chapters of May Ist. The list below shows the standing of the chapters on 
june Ist. 






























1. Chicago ] Indianapolis 

2. Detrort 12. Syracuse 21. *St. Louts 

3. Pittsburgh 13. Worcester 22. *New Haven 
4. Philadelphia 14. ROCKFORD 23. BUFFALO 
5. Cleveland 15. Cincinnati 24. Schenectady 
6. New York 16. *North West 25. Toronto 

7. Hartford 17. *SPRINGFIELD 260. South Bend 
8 MILWAUKEE 18. Tri City 27. Rochester 
9. *Boston 19. Providence 28. Bridgeport 
10 *Lehigh Valley 20. WASHINGTON *=Tied 


The following explanations will be of assistance. The chapters shown in 
capitals have advanced their position from that occupied on May Ist. Those 
shown in a are not occupying as high a position as in the previous report. 
‘Those printed 1 in regular type (i.e. Chicago) are occupying the same posi- 
tion as in the ae report. 

May was the best month for increase of membership the Society has 
had during the past year. One hundred and thirty-fiive new members were 
reported with dues paid, while about 40 applications were received not accom- 
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panied by dues and who did not remit before the first of June and consequent 
lv are not included in this report. 

We all realize that business conditions are opening up and in a numbe: 
of cities have opened up and we believe that you will agree that ‘the tin 
to strike is when the iron is hot,’ and it is desirable for the chapters to cor 
tinue their membership activities during the summer months. It should }y 
an easy matter to continue the wonderful progress made in May, because tw 
very important reasons: (1) that of receiving the TRANSACTIONS containins 
the Convention papers as well as (2) that a membership starting now wil 
give the new member the advantage of all chapter meetings during the comin: 
year, can be offered now and should make the securing of new members a: 
easy proposition. 

The largest increase of any chapter was shown by Chicago where 32 ney 
members were added during the month. 

Milwaukee is to be congratulated on changing its position from 12th in th 
last report to 8th on this report passing Indianapolis, Boston, Lehigh Valle, 
and Syracuse. 

Washington also made a very commendable record during the month hay 
ing broken the tie in which they were involved during the last two reports 
and advanced their position from 23rd to 20th passing in the interim St 
louis, Schenectady and New Haven. 

One of the pleasant observations to be made is that there is constantly 
being received at headquarters a large number of applications forwarded )y 
individuals who are not members of Membership Committees but who in 
the course of their travels bring the Society to the attention of interested 
individuals. 

All members of the Society should bear in mind that the railroads have 
granted fare and one-half for the round trip to the Detroit Convention but 
these certificates entitling the low fare are issued to members. So if you 
are acquainted with anyone who is going to the convention he will be able 
to more than save his year’s dues by the reduction he will obtain by be 
coming a member of the Society and getting reduced rates to Detroit. And 
then again he will almost save his year’s dues by the special privileges and 
advantages that will be offered to members at Detroit for which other in 
dividuals will have to pay. 


BOSTON CHAPTER 


At the annual meeting of the Boston Chapter which was held May 26th 
at the Boston City club, the election of officers for the ensuing year took 
place. Those members elected to office are as follows: Chairman, Z. L 
Sault, New England Annealing & Tool Company; vice chairman, H. W 
Porter, H. K. Porter Company; secretary-treasurer, W. J. Kunkel, Blake & 
Knowles Co.: executive committee, W. W. Cummings, Boston Consolidated 
Gas Company and E. E. Roberts, New England Metallurgical Corporation. 

It was at this meeting that Mr. J. C. Spence of the Norton Company 
presented his very interesting paper entitled “Grinding Practice.” 


CHICAGO 


At a recent meeting of the Chicago Chapter, the following members 
were elected as officers for the next year: , 
Chairman, H. F. Wood, Wyman Gordon Company; vice chairman, F. G. 
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Wheeler, 1953 Hastings street; secretary-treasurer, H. Blumberg, Illinois 
Steel Company ; executive committee, A. G. Henry 3009 Lake Park avenue, 
[. J. Jamitzky, Hlinois Steel Company, M. E. Williams, 504 Oakwood boule- 
vard, George Charlton, 2503 South Wood street, H. I. Moore, 760 Polk street. 

The first annual outing of the Chicago Chapter was held on the afternoon 
of June 10 at the Hartman House, Wheeling, Ill, which is about twenty-two 


miles from the loop on Milwaukee avenue. \ large number of tickets had 
been sold and about 250 members and guests were taken to the Hartman 
House by automobile. These automobiles were furnished largely by the 


members of the chapter. 

The announcement of this outing stated that An Honest-to-God, Old 
Fashioned Home Cooked Chicken Dinner, and all that goes with it would 
be served at the Hartman House, and the announcement had not exaggerated 
it in any way. 

After everybody had filled up on good things there were all sorts of 
entertainment, baseball, tennis and boating were available for everyone. 

After a rousing good time indulging in and enjoying all of the out door 
sports available, the party returned to Chicago about 6:30. It was unani- 
mously voted by all those who attended that they had had one grand time. 
A detailed report of this outing will be given later. 


CINCINNATI CHAPTER 


The Cincinnati Chapter held it annual meeting in the rooms of the Ohio 
Mechanics Institute on June 8th. The speakers for this meeting were 
John C. Spence and C. H. Norton, of the Norton Company. Both men 
presented a paper entitled “Grinding of Steel.” The paper proved to be ex- 
ceedingly interesting and instructive and brought forth considerable new 
ideas on the grinding of steel and developed a large amount of discussion 


after its presentation. About 75 members and guests were present at this 
ineeting. 

Following the paper and the short order of business, the election ot 
officers tor the ensuing year was held. The members elected are as follow 


Chairman, Dr. J. C. Hartzell, Blue Ash, Ohio; vice-chairman, A. L. 
Myers, R. W. LeBlond Machine & Tool Company; secretary-treasurer, Fred 
I. Martin, 705 Elm Street; executive committee, C. TH. Waldo, Ohio Knife 
Company ; Edward Gardner, Modern Tool & Mfg. Company; W. |. Wersel, 
Allis Chalmers Mfg. Company; W. T. Cowell, Lodge & Shipley; E. W. De- 
traz, University of Cincinnati. 


CLEVELAND CHAPTER 





The Cleveland Chapter held its last meeting for the season on Thursday 
evening, June Ist in the ball room of the Hotel Winton. Following the 
regular order of business, Prot. H. M. Boylston presented a paper entitled 
“Migration of Carbon in Iron.” This paper was the result of considerable 
research work at the Case School of Applied Science. Some very inter- 
esting facts regarding the migration of carbon in iron and steel were de- 
veloped, and it is hoped that in the near future this paper may be printed 
in the TRANSACTIONS. 

Professor Boylston’s paper brought forth considerable discussion on 
the theory of the migration of carbon. Following this paper the final report 
of the secretary was read and approved. Reports from the various standing 
committees were also read, The report of the Nominating committee had 
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been presented at the previous meeting. It was moved that the recommenda 
tion of the Nominating committee be accepted unanimously. This motion 
was approved and carried. ‘lhe officers for the ensuing year are: 

Chairman, Prof. H. M. Bolyston, Case School of Applied Science; vic 
chairman, R. T. Bayless, 4600 Prospect avenue; secretary-treasurer, D. \ 
Gurney, Warner & Swasey Company; executive committee, C. G. Shontz 
Perfection Spring Company, Wm. H. Brainard, Carnegie Steel Company 
M. L. Burchfield, 1380 West Seventy-third street, V. M. Wellman, 1224 
Oregon avenue, W. 5S. Bidle, W. S. Bidle Company, R. S. Archer, Alumi 
num Castings Company. 

Following this order of business, the chapter was entertained by sonx 
professional performers who put on a very interesting and pleasing ente1 
tainment in the form of dancing and singing. 

It was announced that the next meeting would be held in September. 


DETROIT CHAPTER 


The result of the annual election of officers of the Detroit Chapter wa 
announced at the May 27th meeting of the chapter. They are as follows 

Chairman, J. L. McCloud, Ford Motor Company; vice chairman, Walte: 
E. Jominy, Studebaker Corporation ; secretary-treasurer, W. G. Calkins, Detroit 
Twist Drill Company; executive committee, J. M. Watson, Hupp Motor Ca: 
Company; H. M. Bray, Cadillac Motor Car Company; Robt. Atkinson, Max 
well Motor Company; I. E. McCleary, Dodge Bros.; R. E. Surtees, Stuck 
baker Corporation. 

On June 1, the Executive Committee held a meeting primarily for th: 
appointment of the Papers & Meetings, Membership and Research Commit 
tees for the year 1922-23. 

sob Atkinson will have charge of the Papers & Meetings so we are look 
ing forward to some very interesting meetings. W. E. Blythe will undertake 
the job of doubling our membership next year, and Walter Jominy will 
head the Research Committee. 

We are looking for big things from the Detroit Chapter and from the 
excellent manner in which the convention arrangements are being handled, 
Detroit will have a wonderfully successful year as a result of their untiring 
activities. 


HARTFORD CHAPTER 


The May meeting of the Hartford Chapter was held Thursday evening, 
May 11th, in Jewell Hall, Y. M. C. A. Mr. James J. Curran, Metallurgist for 
the Henry Souther Engineering Company, delivered an excellent illustrated 
address on “The Inspection and Heat Treatment of Steel.” Particular stres 
was laid on the value of deep etching discs cut from bar stock for revealing 
inclusions; pipes, seams, etc. The slides of the etched disc and microphoto- 
graphs of the same were excellently prepared and very instructive. 

The local Standards, committee consisting of Messrs. Lanning, Green 
and Olsen submitted their report on the chemical specifications prepared 
by the National Standards committee. The following resolution on this sub- 
ject of Chemical Specifications was yoted on at this meeting and adopted 
by a unanimous vote. “Resolved that it is the concensus of opinion of the 
Hartford Chapter that efforts should be made to promulgate heat treatment 
specifications rather than attempt to promote new steel specificaions.” 

Mr. Arvid Anderson: chairman of the nominating committee, presented 
the names of the members nominated for office for the coming year and 
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the following men were elected: Chairman, A. H. d’Arcambal, Pratt & 
Whitney Co.; vice chairman, J. J. McIntyre, McIntyre Machine Co.; Secre- 
tary-treasurer, J. J. Curran, Souther Engi: leering Co.; Executive Committee, 
M. E. Gere, New Departure Mig. Co., Bristol; H. I. Moore, Firth Sterling 
Steel Co.; Cyrus Blackman, Colts Patent Fire Arms Co., Elmwood; G. P. 
Moore, Wallace Barnes Co., Bristol; Theodore Jacobson, S.K.F. Ball Bear- 
ing Co.,Harttord; E. S. Lewis, Stanley Works, New Britain; R. K. Newman, 
rasse Steel Works; L. A. Lanning, New Departure Mfg. Co. 

Mr..David O’Brien of the Pratt & Whitney Co., came out with first 
honors in the heat treating contest held in March. Mr. O’Brien obtained 4090 
points, his nearest competitor being Mr. Anderson of the New Departure 
Mig. Co. with 185 points. Mr. O’Brien was presented with a large box of 
cigars as a reward for his excellent work in this contest. 

dhe annual banquet was held June 9 at 7 P.M in the ball room of the 
Bond Hotel. Mr. Charles Carpenter, President of the E. F. Houghton Com- 
pany and Editor of “The Houghton Line” was the principal speaker of the 
evening. Mr. Carpenter is well known throughout the United States for his 
versatile editorials and his style i attack was indeed very entertaining. It 
was a privilege of the chapter to be able to have him with them. 

Mr. Hathaway’s Entertainment Committee promised special interesting 
features for this meeting and they surely did come across in good shape. 






INDIANAPOLIS CHAPTER 


The regular monthly meeting of the Indianapolis Chapter was held in 
the Directors’ Room of the Chamber of Commerce, Monday, May 8. The 
meeting was opened at 8 o'clock by Chairman W. R. Chapin. The election of 
officers was held and the following men were elected for the ensuing year: 

Chairman, P. O. Deeds of the Indianapolis Manufacturing Company, 
and secretary-treasurer, John Q. Holmes of Nordyke & Marmon Company. 

After a short business discussion, Mr. Clark of the Norton Company was 
introduced and presented a very interesting talk on “Grinding and the Manu- 
facture of Abrasives.” His talk was illustrated with lantern slides. Following 
the paper an informal and interesting discussion resulted. Mr. Clark brought 
with him many interesting samples of ground work, illustrating results of 
proper and improper methods of grinding. 

About 60 members and guests attended this meeting. 

The regular monthly meeting for June was held in the rooms of the 
Indianapolis Chamber of Commerce on June 12. The meeting was opened 
by Chairman Paul O. Deeds and a short business session was held during 
which the discussion of plans for the ensuing year was brought out. In con- 
nection with this session a motion was carried that the chairman appoint 
a committee to draw up a simple glossary of technical and metallurgical 
terms that would enable the man at the fire to understand to better advan- 
tage the papers in the TRANSACTIONS and discussions at the meetings of the 
local chapter. This was done in an effort to interest the workmen in the 
Society with the hope of increasing the membership by obtaining such men 
as members. 

Delegates to the Detroit Convention were appointed and are as follows: 

A. L. Cramp and H. B. Northrup. 

Following the business session, the meeting was turned over to Mr. H. 

Haywood of the Link Belt Company who explained the “Making of a 
Link Belt.” This talk was illustrated with stereopticon slides and with photo 
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micrographic specimens which were examined through a metallographic a; 
paratus loaned by Mr. Haywood. Following this paper a round table di 
cussion took place. The meeting adjourned at 10:30 o'clock until Septembe: 


SPRINGFIELD 





The Springfield chapter held its May meeting in the rooms of th 
Chamber of Commerce on the 26th. Mr. H. B. Byers, president of the Ney 
Kngland Metallurgical Corporation, of Boston, was the speaker of the evening 
and presented his paper entitled “Practical Points in Heat Treating.” Mi 
Byers had been long connected with the Watertown Arsenal and is at pres 
ent connected with the New England Metallurgical Corporation where all 
kinds of commercial heat treating is handled, qualifying him in a very ex 
cellent manner to discuss the subject of his paper. It was presented in a very 
interesting manner and aroused considerable interesting discussion. 

The last meeting of the Springfield Chapter was held on Friday evening, 
lune 16th in the Chamber of Commerce Building. In accordance with th: 
custom for the past two years, the final meeting of the season was a get 
together meeting. 

A very satisfactory report covering the year’s work was presented by 
the secretary at this meeting, after which followed the election of officers 
lhe new officers are as follows: 

Chairman, A. Ek. Sanford, metallurgist, Hendee Manufacturing Company ; 
secretary- treasurer, E. L. Woods, Springfield Gas Light Company. 

A paper prepared by Mr. V. Malcomb, metallurgist of the Chapman 
Valve Manufacturing Company and entitled “Acid Electric Steel,’ was 
read by the newly elected chairman, on account of the author’s absence. 

Mr. Ek. L. Wood, metallurgist at the Springfield arsenal presented a 
short talk on “Methods of Determining the [Elastic Limit of Steel in Tension 
and Its Use in Engineering Designs. The discussion following both talks 
was most interesting and instructive. 


MILWAUKEE CHAPTER 


On May 23, the Milwaukee Chapter of the American Society for Steel 
Treating held a joint meeting with the Milwaukee Chemical society in the 
banquet hall of the Republican house. 

Mr. Zay Jeffries, Cleveland, of the Aluminum Company of America, was 
the speaker of the evening. His subject was “The Hardness of Metals,” 
and his lecture was illustrated with lantern slides. By his talk and through 
the medium of his slides, he represented the various crystalline structure of 
metals. He emphasized treatment ‘as one of the most important features 
in the metal industry,’ and explained why certain treatments render the 
metal either hard, tough or elastic 

Nearly 100 of the manufacturing interests of Milwaukee were represent 
ed at the meeting. 


NEW HAVEN 


The final meeting of the New Haven Chapter was held Wednesday 
evening May 3lst in the Cafe Mellone. A. H. d’Arcambal, chief metallurgist 
of the Pratt & Whitney Company, presented a paper entitled “High Speed 
Steel.”’ This paper was illustrated with lantern slides and heat treated speci- 
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mens were passed around. It was announced that any who had been having 
trouble with high speed steel treating should come prepared with questions 
for. discussion. This proved to be highly satisfactory inasmuch as a good 
lively discussion followed” Mr. d’Arcambal’s paper which brought out some 


valuable information pertaining to the heat treatment of high speed steels 





NEW YORK CHAPTER 





The New York chapter held its regular June meeting in the assembly 
room of the Merchants Association of New York in the Woolworth building, 
lune. 21st. 

Three very excellent papers were presented to the members assembled. 
hey were as follows: 

“Tool Room Troubles” by A. H. Kingsbury of the Crucible Steel Com 
pany of America, Pittsburgh. 

“Carbonizing Practices’ by John F. Wyzalek, Hyatt Roller Bearing Co., 
Harrison, N. J., and “Salt Baths” by Sam Tom, Dohler Die Casting Co., 
Brooklyn, N. 7 

These papers aroused a large amount of discussion and the meeting 
proved to be one of the best of the season. 


NORTH WEST CHAPTER 






















The annual meeting of the North West Chapter was held Friday evening 
May 26, and the following officers and [-xecutive Committee were duly elected 
to serve for the ensuing year: | 

Ii. Kenneth Briggs, chairman, Minneapolis Electric Steel Castings Co.; 
\W. EK. johnston, vice-chairman, Mahr Manufacturing Company; Alexis 
Caswell, secretary-treasurer, 200 Builders Exchange Building; executive com 
mittee, Ralph Dowdell, University of Minnesota; Oscar E. Harder, University 
of Minnesota; J. C. Irwin, Thexton Manufacturing Company; Chester 5S. 
Moody, Minneapolis Steel & Machinery Company; N. H. Plouff, 17 East 
Lake Street. 

The speaker of the evening was Mr. ©. T. Muehlemeyer of © Barber 
Colman Company, Rockford, Illinois, whose subject was “Tool Hardening.” 
Mr. Muehlemeyer’s paper aroused much interest, and it is hoped that his 
paper will be published in the near future. The paper was written in a very 
interesting manner and aroused considerable discussion and was a_ very 
capable presentation. 

The tenth and last lecture in the Educational Course was held Monday, 
lune 12 at 8 o'clock at the Manufacturers’ Club. Mr. Francis B. Foley of 
the U. S. Bureau of Mines, presented the lecture entitled “Alloy Steels.” 

These meetings have proved exceedingly interesting and beneficial to all 
who have availed themselves of this opportunity of attending and hearing the 
various men who presented lectures, discussing the subjects .in~ which 
they are experts. 


PHILADELPHIA CHAPTER 





The last meeting of the Philadelphia Chapter was held Thursday even- 
ing, June Ist, in the Engineers’ Club Auditorium. Mr. Jerome Strauss, 
metallurgist and chief chemist, Washington Navy Yard presented an illustrated 
paper on “Characteristics of Some Manganese Steels.” Mr. Strauss is a 
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recognized authority on the subject of manganese steels and his paper ga 













ARTHUR W. F. GREEN 
Re-elected Chairman of the Phila- 
delphia Chapter 


some very important information relative to them. <A very interesting and 
instructive discussion followed this paper. Following the paper of the evening 


a 





ARTHUR L. COLLINS 
Re-elected Secretary-Treasurer of the Phila- 
delphia Chapter , 


the following members were elected as officers for the ensuing year: 
Chairman, A. W. F. Green, John Illingworth Steel Company; vice chair 
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man, E. H. Barker,, A. H. Wirz, Inc.; secretary-treasurer, A. L.. Collins, 5616 
Crowson street; executive committee, J. J. Crowe, Philadelphia Navy Yard, 


\V. M. Mitchel, 112 North Thirty-fourth street, D. K. Bullens. 909 West 


‘Tioga street, J. W. Barnett, 1228 Callowhill street, L. A. Cummings, Standard 
Steel & Bearings, Inc. 


ST. LOUIS CHAPTER 


The last meeting for the present year was held on June 8th at the 
[sngineers’ club. The speaker of the evening was Mr. W. W. Cox, Com- 
mercial Chemist, who presented a very capable paper entitled “Utilization of 
Pig Iron.” Mr. Cox is a well known metallurgist in St. Louis and what he 


Cc. B. SWANDER 
Elected Chairman of the St. Louis Chapter 


had to say about pig iron was very instructive.. His paper brought forth 
considerable interesting discussion on foundry practice. 

Following the paper of the evening the following members were elected 
as officers for the ensuing year: 

Chairman, C. B. Swander, Wagner Electric Mfg. Company; vice chair- 
man, Carl Krutzsch, St. Louis Frog & Switch Company; secretary-treasurer, 
G. S. Rogers, E. F. Houghton & Company; executive committee, Lor. 
Clarke, Leschen Wire Rope Company, F. Hamman, Mound Tool Company, 
F. A. Lawler, Crucible Steel Company, W. J. Ruby, Landis Machine Com- 
pany, Francis White National Enameling & Stamping Company. 


SCHENECTADY CHAPTER 


The last meeting of the Schenectady Chapter was held May 25th in 
the Civil Engineering Building of Union College. 
ing was presented by Stanley P. Rockwell, consulting metallurgist of Hart- 
ford, Conn., entitled “Carburizing.” Although carburizing is one of the 
older processes of treating steel, there are still many things to be learned 


The paper for this meet- 
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regarding it and Mr. Rockwell's paper described numerous new develo; 
ments of the process. <A lively discussion was held following this paper aft 
which the election of officers took place. 


LEHIGH VALLEY 


The Lehigh Valley Chapter announces the following members that ha 
been duly elected to office for the ensuing year: 

Chairman, John k. Halbing, Ingersoll-Rand Company, Phillipsbur; 
N. J.; secretary-treasurer, Albert P. Spooner, Bethlehem Steel Company 
executive committee, M. Laury, 256 Goepp street, Bethlehem, Pa., W. k 
Shimer Bethlehem Steel Company, Bethlehem; G. C. Lilly, 707 West Mark: 
street, Bethlehem, F. P. Martin, 728 Reeder street, Easton, Pa., A. S. Hum 
mel, 122 North Third street, Easton, Pa., R. Christ, 2023 West Broad street 
Bethlehem, H. S. Brainerd, 121 Wayne avenue, Easton, E. B. Shimer, 04 
Pennsylvania avenue, Easton, B. H. DeLong Carpenter Steel Company, 
Reading, Pa. 




























TRI CITY 


The last meeting of the season of the Tri City Chapter was held Jun 


Ist in the rooms of the Davenport Chamber of Commerce. The meetin 
was opened by Chairman A. H. Putnam at which time the annual report 
of the secretary-treasurer was read and approved. ‘The following members 


were unanimously elected to office for the ensuing year: 

Chairman, J. F. Lardner, Jr., John Deere Plow Works, Moline, Il 
vice chairman, L. S. Rasmusen, Linograph Company, Davenport, Lowa; se 
retary-treasurer Human Bornstein, 636 Tenth street, Moline, Ill. The execu 
tive committee consists of the newly elected officers and A. H. Putnam and 
C. H. Lage. 

A motion was made and carried, in which the chapter extended a vote of 
thanks indicating their appreciation for the services of the out-going office: 
during the past year. After this meeting, A. H, Putnam, consulting metal 
lurgist, presented a paper erititled “The Use of Various Tool Steels.” This 
paper proved very instructive and aroused a great deal of interesting dis 
cussion. Mr. Putnam was given a vote of thanks after which the meeting 
adjourned. 


WASHINGTON CHAPTER 


At the May meeting of the Washington Chapter the following members 
were elected to office to serve for the ensuing year. They are: 

H. J. French, chairman, Bureau of Standards; P. E. McKinney, vice 
chairman, U. S. Naval Gun Factory; Jerome Strauss, secretary-treasurer, 
U. S. Navy Yard; executive committee, J. S. Vanick, 2034 F Street, N.W.; 
1. W. Talley, 1926 North New Hampshire Avenue, I. N. Beatty, 407 Evans 
Building, C. B. Scrimgeour, 410 Albee Building. 
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Commercial Items of Interest 


R. A. C. WEBSTER, a graduate of the School of Mechanical En- 

gineering at Purdue University and whose reputation is interna 
tional as a result of his efforts in the development of cold forging and 
cold heading of alloy and high carbon steel, has recently tendered his 
resignation as head of the cold heading plant of the Ford Motor Com 
pany at Flighland Park, Michigan. The cold heading plant of the lord 
Motor Company where millions of pieces are turned out daily is con 
spicuous among ford units as a direct result of the efforts of Mr. Webster 
who has been superintendent of the plant for the last five years. Under 
his guidance the development of highly specialized tools and machines 
involving many labor saving devices is accredited to the cold heading de 
partment. 

Mr. Webster is a member of the American Society for Steel Treat 
ing and is internationally known as a steel expert. He is now a_ prac 
ticing consulting mechanical and industrial engineer specializing in cold 
forging and cold heading. His office is at 903 West I[tuclid avenue, 
Detroit, Michigan. 


Mr. Fk. J. Griffiths, General Manager of the Central Steel Company, 
\lassillon, Ohio, has announced that two production records were broken 
during the month of May at the plants operated by his company. At 
the steel plant, more steel was produced during May than in any previous 
month in the plant's history, while the National Pressed Steel plant 


also 
had a greater production in May than in any previous month. 


A recent scientific paper of the Bureau of Standards No. 433 
Wilmer Souder and Peter Hidnert deals with the thermal expansion of 
a few steels. Data on thermal expansion of 28 samples of iron and _ steel 
are included, one sample of vacuum electrolytic and one of gray cast iron 
are also included. A specimen of hardened steel has been tested 
show the dimensional change incident to heat treatment or drawing. 
Twenty-two curves and a_ two-page table are used to summarize the 
results. 


by 


to 


A brief. review of some of the previous work on expansion is in 
cluded. 


The E. J. Codd Company, 700 South Caroline street, Baltimore, 
Maryland, have recently distributed several bulletins describing in detail 
the use of chain furnace doors. ‘These bulletins are illustrated showing 
the actual application of numerous installations of chain doors of heating 
furnaces. 

Wilson-Maeulen Company, Inc., New York City, has published a 20- 
page illustrated booklet in which pyrometers, pyrometer recorders, etc., are 
described and illustrated. A miultirecord, multicolor pyrometer recorder is 
included in the equipment described. This operates with base metal or rare 


metal thermocouples in a thermoelectric pyrometer service. It also operates 


(Continued on Page 941) 
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EMPLOYMENT SERVICE BUREAU 


The employment service bureau is for all members of the Society. If you wish 
a position, your want ad will be printed at a charge of 50c each insertion in two 


This service’is also for employers, whether you are members of the Society or 














not. If you will notify this department of the position you have open, your ad 


accompany copy. 


will be published at 50c per insertion in two issues of the Transactions. 


Fee must | 


Important Notice. 7 
In addressing answers to advertisements on these pages, a stamped envelope | 


containing your letter should be sent to AMERICAN SOCIETY FOR STEEL 


| TREATING, 4600 Prospect Ave., Cleveland, O. It will be forwarded to the proper | 


destination. 


POSITION WANTED 
METALLURGIST or SUPT. HEAT TREATING 
Technical graduate University of Illinois. Experience 
in heat treating and annealing forgings and castings all 
sizes up to 50 tons; production study and estimating: 
metallurgy, metallography, chemical analysis; physical 
testing and final inspection; installation and main- 


tenance various makes pyrometers; research and 
investigation; three years superintendent heat treating. 


Age 30. Address 4-12. 


METALLURGIST—or Supt. of Heat Treating with 
12 years experience, 10 of which have been as executive 
in charge of laboratories and supervisor of metallurgical 
operations in Steel Works and industrial plants. Broad 
experience in chemical, physical and metallographical 
testing and the heat treatment of automobile and other 


alloy steels. Location desired East of Pittsburg, age 
30, married. Address 4-7 





SUPERVISOR HEAT TREATING, Chemical, Met- 
allurgical Metallographical Laboratory large Motor 
Truck Company. 12 years experience. Formerly with 
U. S. Steel Corporation, U. S. Government Engineer 
of Tests & Metallurgist, also foundry experience in 
malleable, gray iron, steel, semi-steel. Age 35. Amer- 
ican. Married. Eastern location preferred. Wages 
desired $200.00 per month. Answer 3-25. 


ENGINEERING or PRODUCTION WORK—Tech- 
nical Graduate. 2 years heat treatmentof armor plate, 
guns, etc. 2 years charge heat treatment auto parts. 
2 years charge commercial heat treating shop. At 
present employed as equipment sales agent. Desire 


to make change to engineering, or production work, 
Salary desired $200-$250. per month. Address 5-25, 


SALESMAN—Graduate University of Pittsburgh. 
3 years chemist. 344 years chemist and meta!lurgist. 
344 metallurgist and chief inspector. Experience in all 
departments of mill work, rods, wire, plates, spikes, 
etc. Familiar with nearly all classes of steels in- 
cluding alloys. Location preferred Pittsburgh. 


Address 5-30. 


METALLURGIST—10 years experience in carburizing 
and heat treatment of carbon, alloy and tool steels. 
Extensive experience in physical testing, metallography, 
pyrometry and metallurgical research. Also experienced 
in handling large forces of men. Have had as many as 


600 men under my supervision. Eastern location 
pogeerves. Salary desired $4500. per year. Address 
-35. 


SUPERVISOR HEAT TREATING—Or assistant. 
Ten years experience as chemist on iron and steel. One 
year Spectiedt experience on metallurgical inspection 
directly connected with heat treatment. Have made a 
study of the subject. No preference as_ to location. 


Wages $40.00 per week desired. Answer 5-50. 


It is necessary that letters should contain stamps for forwarding. 


FURNACE DESIGNER and BUILDER—Stee! tre 
ing furnaces or to take charge of furnace construct 
and repairs in steel treating department of large n 
facturing plant. A number of years experience d 
ing, building and operating furnaces of all types { 
classes of work including mechanical and aut 
furnaces for heat-treating, carbonizing, and annea 
Willing to make part of compensation dependent wu; 
ability to improve quality of work and reduce 
Location immaterial. Address 5-5. 


lal 


ASSISTANT METALLURGIST—4¥4 years expe: 
in U. S. Armories, 4 years laboratories brass 
mill and shell factory. Experience included installa: 
and maintenance pyrometers, research work, 
examinations and microphotography, critical 
ature measurements and carburizing and heat treat 
of small parts. Willing to consider any posit 
metallurgical department, annealing or heat tr 
department providing there is opportunity for ad\ 
ment. Wages desired $150.00 per month. Lo 
preferred Rhode Island, Massachusetts, or Connect 


Address 5-15. 


METALLURGIST AND ENGINEER—F xp: 
in purchasing, production, layout, forge shop 
treating, laboratory and research work. Capa! 
taking entire charge of malleable, gray iron, sem 
or steel foundry. Desires employment with 


sive firm. Address 5-41. 


nr 
' 








CHEMIST—Metallurgist,' metallographist, 

tester or heat treater. 12 years experience. | 
Government metallurgist. Now an executive 
large motor truck company. Also malleable and s 
steel foundry experience. Can organize and mana; 
men. No location preferred. Address 5-10. 


SALES ENGINEER—Thorough metallurgical trai: 
and experienced salesman. At present employed bu 
desires change. Wide acquaintance New York, New 
England and Canada. Basic knowledge foreig 
markets and can produce. Age 28. Married. Address 
4-5. 


METALLURGIST OR CHE MIST—Graduate of O! 

State. Extensive experience covering heat treatment, 
case hardening, pyrometry, chemical analysis, meta! 
lography, and investigation of tool troubles. Best 
of recommendations. No preference as to location. 


Address: 4-50. 











Was connected with United States Naval Ordnance 
Plant having charge of metallography and heat treat 
ment the past two years, has had practical electric 
melting experience. Best of recommendations. No 
restrictions of location. Address 4-35. 


HEAT TREATING DEPARTMENT—Technical 
graduate. Hardening room automobile firm. Ex 
perienced on alttminum castings. Die Superintendent 
and metallurgist for steel tool company. Salary $150.00. 
Cleveland location preferred. Address 4-10. 
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EMPLOYMENT SERVICE BUREAU 


POSITIONS OPEN 
POSITION WANTED WANTED—Young college graduate with one or two 
cars practical experience in physical metallurgy to 
SUPERINTENDENT OF HE AT TREATING—7 Seley dak adel cna and ileed: ontidaiaannieed with a 
years_experience heat treating of carbon. highspeed and government bureau. Entrance salary $1800 per 
r alloy steels, I aperience in metallographic testing annum Position offers excellent opportunity to become 
Understands Pyrometry. Techincal cducation. Best familiar with certain Phases of physical metallurgy of 
[ references, Location desired, Chicago or ne great practical value. Address 4-32. 
nity Address 6 15, 
WANTE D—Practical Superintendent for tool steet 
SERVICE MAN—for steel company. Experience in 


wire and shape drawing department. Reply box 6-5. 


it treatment of carbon, care American Society for Steel 


high speed and alloy steels, 
» metallographic testing 


Treating 
and pyrometry. Technical 


ducation. Best references. Address 6-20. WANTE D—In tool and alloy steel research department 

1921-1922 technical graduate who has specialized in 
SALES REPRESENTATIVE At present holding iron and steel metallurgy Duties include running 
esponsible executive position Desires to become experimental melting furnac es, oil and electric: heating 
epresentative of one or more manufacturing lines in furnaces; and wide range of general work. Position 
xcellent territory Companies especially desiring offers good opportunity for future. Address 7-15. 
epresentative lor materials used in heat treating will - 


nd it to their advantage to correspond with No. 7-5 


7-5, FOR SALE 
CHEMIST AND METALL RGIST FOR SALE Commercial Heat 
perienced in analysis of ferrous and non 


‘Treating Plant. 
Established business in good field. 


k xcellent oppor- 


thoroughly ex- 
ferrotis metals. 


: c tunity for young metallurgist to get into business for 
Specialist tn alloy steel analysis. Capable of taking himself Answer 7-10 
irge of chemical and physical laboratory. Best of err: - 
references. Age 30. Married. Salary commensurate Leeds & Northrup, Hump Method, Electric Furnace 
th ability, Answer 7-20, for sale. Used very little. Addrese6 i. 


CHEMICALAND METAL 
th business education and 
ne experience desires 


LURGICAL ENGINEER FOR SALE 


3 years practical consult 


4 position in laboratory or pro tion and is available at a very attractive figure. 
duction departments. Address 7 30, Address 7-25, 


creel haan iniinantasrdetstnyiishtsethniaiindesaci sis 


(Continued from Page 939) 


A ten-ton Gronwell- Dix¢ 


mn electric furnace 
with all accessories. 


lhis furnace is in excellent condi 


as a low temperature recorder or electrica] resistance thermometer in 
tion with resistance thermometer bulbs. 


which also includes descriptions of parts, 


connec- 
Full details are given in the booklet, 
accessories, etc. 


Alloys and alloy steel will be studied j 


m the department of mechan 
the University of Wisconsin 
metallography, 


ntensively by about sixty students 
ical engineering of the 


college of engineering of 
. This subject is 


included in a new course in 
An increasing demand from factories and shops for men 
who know the heat-treatment of metals and alloys as well as understanding the 
properties of alloys has brought about the introduction of this new study. 
The Burgess-Norton Manufacturing Com 


suddent death, on Saturday, May 13, 1922 
burgess. 


pany regrets to announce the 
of their President Mr. Frank A. 


The Ithaca, N. Y., office of the Bureau of Mines js continuing the study 
of special series of molybdenum and cerium steels. Endurance tests with 
special regard to the effects of inclusions on endurance have recently been 
made. The final report on cerium has been made by Dr. H. W. Gillett to 
the Welsbach Company, which is the chief cerium producer and which co- 
Operated in this work, being interested in finding new applications for this 
metal. A new shape of test bar has been adopted which seems better suited 
to endurance testing, and over two hundred test bars were prepared and sent 
out for machining. Metallographic study of inclusions and other causes of 
tatigue failure has been continued on bars prepared by the Bureau of Mines. 
«nd on some obtained from the University of Illinois and the United States 
Naval Experiment Station. : 


The Pittsburgh Testing Laboratory 


announces the opening of a sales 
office and inspection bureau at | 


504 Railway Exchange Building, St. Louis, 
N. C. Hoyles as district manager. 
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The Surface Combustion Company, New York, has issued a series © 
bulletins pertaining to industrial furnaces. One bulletin is devoted to su 
face combustion low-pressure air-gas inspirators, which are applicable to a 





























gas turnace. <A second bulletin is devoted to surface combustion oven fu 
naces and describes furnaces for the heat treatment of both carbon and hig! 
speed steel, etc. A third leaflet is devoted to surface combustion pot-hard 


ening furnaces, a fourth to surface combustion soft metal furnaces ,a fifth 1 
surface combustion galvanizing bath, a sixth to surface combustion shipyar 
furnaces, a seventh to surface combustion rivet heaters, an eighth to surfac: 
combustion small forges, and a ninth to surface combustion laboratory fur 
naces for high temperatures. 


experimental work on an investigation of the magnetic properties o 
a series of pure alloys of iron and carbon has recently been completed 1})\ 
the Bureau of Standards, Washington, D. C. - A number of alloys were pre 
jared having carbon contents ranging from 0.018 to 1.60 per cent and con 
taining no impurities in sufficient amounts to be of importance. Normal in 
duction and hysteresis data were obtained for magnetizing forces up to 2500 
gilberts per centimeter and the results correlated not only with the carbo: 
content but also with heat treatment. The reluctivity relationship previously 
used in a study of carbon steel with eutectoid composition was found to b 
useful in correlating the results. A paper describing the results of this in 
vestigation is in preparation. 

The Firth-Sterling Steel Company of McKeesport, Pa., has opened a 
western office at 336 East Third street, Los Angeles, California. This office 
will be in charge of William E.Nelson, who has been engaged in marketing 
Firth-Sterling steel for twenty years. Mr. Nelson will be assisted by |. | 
Kuhlman, L. W. Mead and Tt. D. Moore. 


W. S. Rockwell Company, 50 Church street, New York City, has iss: 
Sulletin No. 242, a supplement to the series of educational papers previous! 
issued by this company and intended to illustrate the variety of methods « 
applying the principles of proper heating and handling to different manutac 
turing requirements and shop conditions. This bulletin covers the influence 
and method of heating on the quality and cost of heat-treated products. 

Factory branches and offices have been opened at 222 West Larned street, 
Detroit, and at 2138 Oliver Building, Pittsburgh, by the Geo. Oldham & Son 
Company, Baltimore, pneumatic tools. The E. H. Welker Company, Inc., 15 
the agent in charge at Detroit and J. A. Meredith is in charge at Pittsburgh. 


The Mansfield Sheet & Tin Plate Company, and the Ohio Corrugating 
Company, D. B. Coey representative, have moved their sales offices to 910 
South Michigan boulevard, Chicago, Room 1018. 


M. K. Hitchcock, of the Ohio Refractories Company, Portsmouth, O., 
has acquired by purchase the Ironton, Ohio fire clay brick plant of the Basic 
Products Company. 


(Continued on Page 36) 
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Temperature 


With the F. and F. Optical Pyrometer 
the temperature is measured by merely ob- 
serving the object. It is accurate, simple 
and substantial. 


(Write for Booklet) 





Hardness 
The S. M. Co. Brinell Machine is the stand- 


ard machine for measuring hardness of metals 
adopted by more than 100 leading concerns. 














Pressure is applied quickly and uniformly; a 
special feature prevents leakage of the hydraulic 


fluid. 












(Ask for Booklet on Hardness Tests) | 








The Scimatco Optical Bench is the advanced outfit 
used by many of the foremost metallurgical firms for ob- 
serving and photographing the micro structure of metals. 


SCIENTIFIC MATERIALS COMPANY 


éverything for the Laboratory 5 
PITTSBURGH. PA. 


When answering advertisements please mention “Transactions” 
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(Continued from Page 942) 


_ At the request of Secretary Herbert Hoover ,of the Department of 
Commerce, the American Engineering Standards Committee will undertake 
at once a canvass to determine what simplification in manufactured products 
is most needed and most desirable. This canvass will be conducted through 
the engineering and technical bodies having representatives on the committee 
or co-operating in its work. The survey of simplification or standardization 
needs and possibilities will extend into almost every industry in America. 

This assignment to the American Engineering Standards Committee js 
one of Secretary Hoover's steps to retrieve for American Industry a few of 
the many billions of dollars wasted annually, as revealed in the report on 
waste in industry which was made not long ago by a committee also appointed 
by Mr. Hoover while he was chairman of the Federated American Engineer- 
ing Societies. The latter committee found that waste in industry was due 
largely to an over-multiplicity in number of products as well as to inefficiency 
in process. 

Of equaul significance is the fact that Mr. Hoover’s request that the 
American Engineering Standards Committee conduct this survey and _ the 
acceptance of the assignment by the committee indicate a co-ordination of 
the work in the simplification of manufactured products, sponsored by Sec- 
retary Hoover, and the work of the American Engineering Standards Com- 
mittee in the unification of standards on a national basis. 

What should be the relationship between the simplification work of the 
Department of Commerce and the standardization work of the American 
Engineering Standards Committee has been the subject of considerable dis- 
cussion. It is clear now that there will be no duplication or overlapping. 
There séems to be a general recognition of the fact that simplification of 
product and improvement of process are to a large degree only other words 
for standardization; that they are standardization put to work. The joint move- 
ment for standardization and simplification may, therefore, be said to have be 
gun its work in its own household by standardizing, simplifying, and unifying 
its own machinery and processes. 


The Executive Committee of the American Engineering Standards Com- 
mittee as, by resolution, pledged the co-operation of the Committee to the 
Department of Commerce. Representatives of the Committee recently held 
a conference on the subject with Mr. Hoover at Washington. Subsequently 
an arrangement was made for permanent exchange of representatives be- 
tween the two organizations so that there may be of the closest possible co- 
operation between the Commerce Department’s Division of Simplified Prac- 
tice and the American Engineering Standards Committee. 

Great strides toward standardization, particularly in the construction, 
metals, mining, and electrical industries of Belgium are indicated in a report 
from the Association Belge de Standardization which has just been received 
by the American Engineering Standards Committee, 29 West Thirty-ninth 
street, New York City. 


The report shows that the following standards have been approved for 


issue in Belgium: 
Rules for the Construction of Steel Roof Trusses 


(Continued on Page 38) 
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(Continued from Page 36) 

Rules for the Construction of Steel Tanks 
Rules for the Construction of Galvanized, Corrugated Roofs and Parti- 
tions 

Standardization of Steel Bridges 

Tentative List of Equal Angles 

Standardization of Shafts and Pulleys | 

Standardization of Bolts and Rivets { 

Standard Requirements for Electrical Machinery 

Electrotechnical Vocabulary. 

These standards with the exception of the Tentative List of Equal 
Angles have been printed and copies are now available through the American 
Engineering Standards Committee. The Tentative List of Equal Angles 
is up for printing. 

The report shows also that the following proposed standards have been 
published in the press of Belgium for criticism. 

Rules for the Design and Inspection of Reinforced Concrete Structures 

Chains (Dimensions of links; material; reception tests ) 

Wire Cables for Cranes, Hoists, Elevators and Mining Purposes 

The Draft Specification for Methods of Analyses for Zinc Ores, Spelter, 
etc. is under consideration. 

There is also shown in the report that work on the following proposed 
standards is in the hands of Technical Committees 

Cast Iron Pipes and Fittings for Water Works 

Rules for the design of Shafting 

Standardization of Tolerances 

Dimensions of Paper, Drawing, etc. 

On the subject of Flanges for Steel Tubes and on Chains (Dimensions 
of rings and hooks) decisions have been made to undertake standardization 

Copies of pending standards will also be available through the American 
Engineering Standards Committee as soon as published. 


Foregin department of Joseph T. Ryerson & Son has been moved from 
Chicago to the company’s branch offices, 30 Church street, New York. Paul 
H. Petersen, associated with this department for six years, will be in charge, 
succeeding H. B. Kraut, who will act as technical manager of the machin 
ery department. The department as in the past will handle both steel and 
machinery. The cémpany has foreign offices in London, Paris, Tokio, Sydney, 
Rio de Janerio, Buenos Aires, Lima and Toronto. 


In view of the increasing use of Monel metal, it may be of interest to ) 
bring out a point developed in the discussion of a paper read last year be- 
fore the mechanical section of the Engineers’ Society of Western Pennsyl- 
vania. The authors, Edward S. Wheeler, assistant manager of the technical 
department, International Nickel Co., and Robert J. McKay, Mellon Institute 
of Industrial Research, University of Pittsburgh, mention the use of the 
metal in the process of pickling steel sheets and bars in sulphuric acid. While 
it appears that the original cost of Monel metal for containers for this work 
is greater than that of most of the anti-acid bronzes which are used, the 
resistance of the metal to the acid, combined with its strength and resistance 
to impact, and to amenability to re-working, make it cheaper in the: final an- 
alysis. , 

(Continued on. Page 40) 
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(Continued from Page 38) 


[t was brought out in discussion by L. G. Firth, works manager Firt! 
Sterling Co., McKeesport, Pa., that at Sheffield, England, progress had be 
made in hardening Monel metal in a manner similar to steel. The Interna 
tional Nickel Co. has also been working on this problem. It has found that 
some reaction may be obtained from heat treatment, but nothing to compar 
with the tempering of steel. [-xperiments are still in process. 

In answer to the increased demand for seamless tubes of Monel metal, 
the International Nickel Co. has been making a special effort to produce them 
commercially. However, the great strength of the metal at high tempera 
tures has rendered the problem difficult. The billets must be very hot and 
evenly heated and the heating atmosphere must be carefully controlled at 
this high heat. 


Theodore G. Selleck, Consulting Metallurgical Engineer and expert in 
the heat treatment of steels announces the opening of his new office located 
at 20 East Jackson boulevard, Chicago. Mr. Selleck thas had a broad practi 
cal experience in the field of carburizing and heat treating, having devoted 
years to the study and investigation of steel treating problems. Mr. Sel 
leck is specializing in the design and installation of steel treating, handling 
and carburizing plants. His advice and assistance to any who are contem 
plating the installation or rearrangement of their plants is invaluable. 


The Scientific Materials of Pittsburgh have recently issued a_ bulletin 
describing their optical pyrometer. This bulletin covers the practical in 
dustrial applications, a general theory of optical pyrometry, a temperature 
scale and a general description of and simple instructions in operating 
their instrument. ‘This bulletin is illustrated showing the practical shop 
applications of the optical pyrometer. 


The Wilson Maeulen Company, 383 Concord avenue, New York City, 
makers of the Direct Rockwell Hardness Vester have recently issued a bul 
letin describing in detail the operation of the Rockwell Hardness ‘Vester and 
its application to industrial testing. 


EK. J. Lowry, formerly metallurgist, Oliver Chilled Plow Works, South 
Bend, Ind., has become identified with Hickman, Williams & Co., pig iron 
_ brokers, as a service engineer. In that capacity his services will be offered 
gratis to foundries having any difficulties in solving the physical and chemical 
problems of their castings work. He will divide his time between the various 
offices of the company at Chicago, Cincinnati, Pittsburgh, St. Louis, New 
York, Philadelphia and Birmingham. His education and subsequent exper! 
ence have been largely in the metallurgical field. After three years at the 
United States Naval Academy at Annapolis, he took up special work in metal 
lurgy at Harvard University and the Massachusetts Institute of Technology. 
He was then for two years a foreman in the steel foundries of the United 
States Arsenal at Watertown, Mass., and later foundry foreman at the 
United States Cartridge Co., Lowell, Mass. As metallurgist for the Oliver 
Chilled Plow Works; he also was called in for consultation work at other plants, 
including those of the Ford Motor Co., Detroit; the Studebaker Corporation, 
South Bend, and the Walworth Mfg. Co., Kewanee, Ill. 

Mr. Lowry is also a member of the American Society for Steel Treating. 


(Continued on Page 42) 
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Roy C. McKenna, President of Vanadium-Alloys Steel Co., Latrobe, Pa.. 
has been elected president of the University of Pittsburgh Alumni association 


A 20-page periodical published by the Mefal & Thermit Corporation, 
illustrates and describes many applications of thermit welding. The 
elimination of blow holes in thermit welds by the use of new molding ma 
terial and new style mold boxes, and how the cost of thermit-welding large 
sections of locomotive frames may be greatly reduced are discussed. An- 
other item shows how the Garfield Smelting Co., Garfield, Utah, has been 
able to effect a large saving in the repair of ladle spouts by the thermit process 


Several series of “sequence etchings” have been tried out by the Bureau 
of Standards on a specimen of high-speed steel which was in the “as received 
from the mill” condition. Sequence etching means the etching with two or 
three reagents in successive order without any repolishing of the section be- 
tween the etchings, and the taking of photomicrographs after each etching 
at the same spot in the microsection in order to note any changes in micro- 
structure produced by the last etching as compared with that developed by 
the preceding etching reagent. 

The reagents used in various combinations were (1) Dilute ammonium 
hydroxide solution together with a weak electric current, the specimen being 
made positive pole; (2) two per cent alcoholic solution of nitric acid; (3) 
boiling sodium picrate, and (4) Murakami’s reagent (solution of potassium 
ferricyanide and sodium hydroxide) at boiling temperature. 

The results, as judged from the behavior toward the various etching 
reagents tried, appear to show that there are at least three different constitu- 
ents present among the imbedded globules or particles in the specimen of 
high-speed steel, in the “as received from the mill condition,’ though any 
attempt to state the nature of these constituents would, in view of present 
developments, involve speculation. 


The Electric Furnace Construction Co., Philadelphia, has published a 20- 
page illustrated booklet in which electric furnaces for melting, refining and 
superheating iron and steel are described and illustrated. According to the 
booklet the heat in these furnaces is generated above and below the bath 
and can be regulated over a wide range. The hearth is at least 20 inches 
thick. They are suitable for a two-phase or three-phase electric current and 
if one arc is broken the other ares are not affected. 


Indicating and multi-recording types of radiation pyrometers are described 
and illustrated in a 16-page illustrated booklet recently published by the 
Thwing Instrument Co., Philadelphia. According to the booklet, this in- 
strument furnishes a rapid method for measuring temperatures in metallurgical 
and ceramic operations in furnaces, cement kilns, coke ovens, boiler fire pits, 
and in meacrring local temperatures of dies in the hardening furnace, etc. 
This pyromec: r has two parts. One is a receiving tube which collects the 
radiations from the hot body on a conical mirror, which in turn concentrates 
them upon a highly sensitive black thermocouple, and the second, a gal- 
vanometer, with wire connections to the thermocouple to measure the current 
generated in it by the radiations. 








